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TOWARD AN UNDERSTANDING OF THE LAWS GOVERNING THE DEVELOPMENT OF 
THE EARTH'S CRUST AND THE GEOTHERMAL FIELDS OF THE TJTHOSPHERE 

N .  S .  Boganik 

ABSTRACT: The book dea l s  with problems r e l a t i n g  t o  t h e  pro-  
g r e s s i v e  development o f  t h e  processes  involved i n  t h e  
formation of t h e  E a r t h ' s  c r u s t ,  t h e  causes and f a c t o r s  
a f f e c t i n g  t h e  emergence of  new laws during t h e i r  develop- 
ment, processes  o f  r a d i o a c t i v e  decay, and t h e i r  s i g n i f i -  
cance i n  t h e  evo lu t ion  of  t e r r e s t r i a l  ma t t e r  and t h e  
o r i g i n a t i o n  of  geothermal f i e l d s .  

This work w i l l  be of  i n t e r e s t  t o  g e o l o g i s t s ,  geo- 
p h y s i c i s t s ,  geochemists, and o t h e r  s p e c i a l i z e d  personnel 
engaged i n  t h e  s tudy of t he  formative processes  of  t he  
E a r t h ' s  c r u s t .  

I NTRO DUCT I ON 

The c e n t r a l  problem discussed i n  t h i s  work i s  the  problem of  understand- 

ing the  laws governing t h e  formation of t h e  E a r t h ' s  c r u s t .  The d i scuss ion  

of  t h i s  problem w i l l  be. based on t h e  geological  and r ad iogeo log ica l  d a t a  

which t h e  author  has c o l l e c t e d  and analyzed over an extended per iod of  t ime.  

In  t h e  cons ide ra t ion  of t h i s  problem a g r e a t  dea l  o f  a t t e n t i o n  has been 

focussed on quest ions r e l a t i n g  t o  t h e  p rogres s ive  development of  geological  

processes  and t h e i r  i r r e v e r s i b i l i t y ,  as we l l  as t o  t h e  processes  of radio-  

a c t i v e  decay and t h e i r  importance t o  the  evo lu t ion  of  t e r r e s t r i a l  ma t t e r  and 

t o  t h e  formation of  t h e  geothermal f i e l d s  of t h e  lithosphere. 

That t h e s e  ques t ions  should be s t u d i e d  i s  o f  g r e a t  importance a t  t h e  

p re sen t  t i m e  i n  connection with expanded i n v e s t i g a t i o n s  i n t o  t h e  deep-lying 

zones of t h e  E a r t h ' s  c r u s t ,  s t u d i e s  of  p l u t o n i c  h e a t ,  and t h e  development of 

s c i e n t i f i c a l l y  founded methods f o r  p r e d i c t i n g  t h e  occurrence of  mineral  

depos i t s  hidden a t  g r e a t  dep ths .  

*Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  fo re ign  t e x t .  



The au thor  i s  a l s o  of t h e  b e l i e f  t h a t  t h i s  work may be  of a s s i s t a n c e  i n  

t h e  s tudy  of geoenerge t ic  p rocesses .  

To Doctors of Geological-Mineralogical Sciences F .  A. Makarenko, 

F .  I .  Vol ' fson,  and A.  I .  S i l in -Bekchur in ,  t h e  au thor  wishes t o  express  h i s  

s i n c e r e  g r a t i t u d e  f o r  t h e i r  u s e f u l  comments o f f e r e d  dur ing  t h e i r  review of 

t h i s  work. 
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THE PROGRESSIVE DEVELOPMENT OF THE PROCESSES GOVERNING 
THE FORMATION OF THE EARTH'S CRUST AND THEIR 

IRREVERSIBILITY 

1. Geological Processes and The i r  Evolution 

I t  i s  probably q u i t e  accu ra t e  t o  say t h a t  t h e  p r i n c i p a l  source of our 

knowledge of  t h e  s t r u c t u r e  and development of t he  Earth i s  the  E a r t h ' s  c r u s t .  

I t  i s ,  i n  fac t ,  t h e  c r u s t ,  widely a c c e s s i b l e  as i t  i s  t o  d i r e c t  observat ion,  

t h a t  provides  us with a v a s t  amount of  m a t e r i a l  f o r  t h e  e l u c i d a t i o n  o f  t h e  

processes  and phenomena which have occurred on our  p l a n e t .  

The c e n t r a l  t a s k  o f  t h e  s tudy o f  t h i s  c r u s t ,  t h e n ,  i s  t o  r e v e a l  t h e  pro- 

cesses  r e spons ib l e  both f o r  i t s  s t r u c t u r a l  formation and f o r  t h e  formation 

and d i s t r i b u t i o n  wi th in  i t  of  rock and mineral  d e p o s i t s .  The very essence 

of t h i s  study c o n s i s t s  i n  the  r e v e l a t i o n  of t h e  laws behind t h e  development 

of  t he  processes  which have occurred on Earth and which have r e s u l t e d  i n  the  

o r i g i n a t i o n  and formation of  t h e  t e r r e s t r i a l  c r u s t  as a n a t u r a l - h i s t o r i c  

body. 

The ques t ion  as  t o  what was t h e  cha rac t e r  of t h e  processes  leading t o  

t h e  evolut ion of t he  Earth and t o  t h e  formation of i t s  c r u s t  i s  one which 

has  challenged t h e  minds of  s c h o l a r s  from the  e a r l i e s t  t imes .  Do t h e s e  pro- 

cesses  t ake  p l ace  p r o g r e s s i v e l y ,  with t h e  emergence of new laws, o r  do they 

i n  t h e  course of  time remain cons t an t ,  manifest ing themselves i n  one and t h e  

same forms of  t h e i r  being? S t a t e d  otherwise,  have t h e r e  been changes i n  t h e  

laws of na tu re  and i n  t h e  f o r c e s  ope ra t ive  on t h e  Ea r th  as i t  evolved, and 

t o  what degree a r e  those  laws which may be v a l i d  f o r  t o d a y ' s  s t a g e  i n  t h e  

E a r t h ' s  development app l i cab le  t o  t h e  p a s t  s tudy of i t s  c r u s t ?  

A s  i n d i c a t e d  by t h e  d i scuss ion  of 1950-1951 [l] and by t h e  t h e o r e t i c a l  

conference o f  ph i lo soph ica l  seminars on t h e  actual ism p r i n c i p l e  [ l a ] ,  t hese  - / 6  

ques t ions  continue t o  a t t r a c t  t h e  a t t e n t i o n  of  i n v e s t i g a t o r s .  The explanat ion 

may l i e  i n  t h e  fact  t h a t  i n  t h e  area of  geology t h e  i n v e s t i g a t o r  i s  confronted 

p r i n c i p a l l y  by concepts a s s e r t i n g  a c y c l i c a l  eyo lu t ion  o f  t h e  h i s t o r i c a l  and 
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geo log ica l  process1.  

a very long t i m e .  The m a t e r i a l i s t  i deas  of Lomonosov, and la ter  those o f  

D .  Getton on t h e  e t e r n a l  renewal of  t h e  processes  t ak ing  p l a c e  on t h e  Ea r th ,  

are c l o s e l y  interwoven wi th  t h e  view of t h e  p e r i o d i c i t y  of  t h e s e  same proces- 

s e s .  

ed view was t h a t  of  t h e  "catastrophe theory,"  which sought t o  exp la in  c e r t a i n  

abrupt changes i n  i s o l a t e d  fauna, f r equen t ly  encountered i n  geo log ica l  l a y e r s ,  

by catastrophes viewed as a c t s  of 'God." A r e a c t i o n  t o  t h e s e  ideas  was t h e  

appearance, i n  1866, of D .  Lys l e ' s  FmdmnentaZs of Geology, which pointed t o  

t h e  p o s s i b i l i t y  of invoking those  same processes  which a r e  ope ra t ive  even a t  

t h e  p r e s e n t  time t o  exp la in  a l l  t h e  observable f a c t s  i n  the  s t r u c t u r e  and 

development of  t h e  E a r t h ' s  c r u s t .  Although, according t o  Engels, Lysle 

introduced a "common sense  i n t o  geology" which was t o  be of  g r e a t  importance 

i n  combatting t h e  ca t a s t rophe  theo ry ,  n e v e r t h e l e s s  t h e  acknowledgement of 

t h e  constancy o f  t he  f o r c e s  ope ra t ive  on the  Ea r th  l ed  t o  the  disavowal of t h e  

p rogres s ive  evo lu t ion  of geo log ica l  p rocesses .  

This view of  t h e  E a r t h ' s  c y c l i c  development da t e s  back 

During t h e  f i r s t  ha l f  of  t h e  n ine t een th  cen tu ry  t h e  predominantly accept-  

Wide acceptance f o r  t h e  c y c l i c a l  view of  t he  development of  t hese  pro- 

cesses  was won i n  t h e  e a r l y  twen t i e th  century with t h e  appearance of t h e  works 

of J o l i t ,  Augh and S h t i l l e .  

I t  i s  e s s e n t i a l  t o  keep i n  mind t h a t  while i n  any branch of  science the  

i n v e s t i g a t i v e  methodology p l ays  a v i t a l  r o l e ,  in t he  s tudy of t h e  laws govern- 

i ng  t h e  evo lu t ion  of n a t u r a l - h i s t o r i c  processes  - -  t h e  processes  responsible  - / 7  

I n  t h e  concept "cycle" w e  include t h a t  h i s t o r i c a l l y  c r y s t a l l i z e d  content 
which i n  geology has been most thoroughly and v i v i d l y  expressed by Augh and 
J o l i t  and which c o n s i s t s  e s s e n t i a l l y  i n  t h e  r educ t ion  o f  t h e  E a r t h ' s  e n t i r e  
h i s t o r y  t o  p rocesses  which r e c u r  a t  s p e c i f i c  i n t e r v a l s  of t ime.  
f r equen t ly  t h e  concept "cycle" i s  inves t ed  with t h e  concept "rhythm," t h a t  i s ,  
t h e  concept of  t h e  p e r i o d i c i t y  of a process  accompanied by formations similar 
i n  composition and condi t ions of occurrence.  Exemplifying such formations 
are t h e  widely known s t r i p  c lays  of  t he  B a l t i c ,  t h e  f l y s c h  of t h e  Caucasus and 
Carpathians,  and o t h e r s .  These two concepts of  c y c l i c i t y  must be s t r i c t l y  
d i s t ingu i shed .  While t h e  concept of  cycle  as t h e  p e r i o d i c i t y  o f  an occurrence 
provides an o b j e c t i v e  p o r t r a y a l  of t h e  process  t ak ing  p l a c e ,  t he  concept of  
cyc le  as an evo lu t iona ry  p rocess  does not  r e p r e s e n t  t h e  o b j e c t i v e  course of  
t h e  development and i n  e f f e c t  precludes any evo lu t ion  by reducing i t  t o  a 
closed-  cycl e development . 

Not i n -  
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f o r  t h e  formation of t h e  t e r r e s t r i a l  c r u s t  and t h e  genesis  of t he  Earth -- t h e  

aspect  of methodology becomes q u i t e  paramount. Here t h e  o b j e c t  of  t h e  

i n v e s t i g a t i o n  is  above a l l  t h e  evo lu t iona ry  process  i t s e l f ,  and on the  

ph i losoph ic  and methodologic b i a s  with which t h e  i n v e s t i g a t o r  approaches the  

study of  t h i s  process  w i l l  a l s o  depend t h e  r e s u l t  o f  h i s  i n q u i r i e s ,  t he  depth 

and soundness o f  h i s  s c i e n t i f i c  p o s t u l a t e s  and conclusions.  

In  our eve r  expanding understanding of  geo log ica l  p rocesses ,  a r o l e  o f  

enormous p rogres s ive  s i g n i f i c a n c e  belongs t o  t h e  methodology of d i a l e c t i c a l  

mater ia l ism,  t h e  methodology which c o n s t i t u t e s  t h e  ph i losoph ica l  b a s i s  f o r  

s c i e n t i f i c  r e sea rch  and which i s  t h e  guarantor  o f  t h e  triumph of Marxist-  

Len in i s t  thinking toward t h e  bu i ld ing  o f  a Communist s o c i e t y  on Ea r th .  How- 

eve r ,  i n  t he  cogni t ion of geo log ica l  processes  the  v i c t o r i o u s  pa th  of t h i s  

m a t e r i a l i s t  view leads through the  d i r e c t  and success fu l  conf ron ta t ion  of 

metaphysical and mechanis t ic  concepts o f  t h e  evo lu t iona ry  p rocess .  The f i e l d  

of geology, j u s t  a s  those of  t h e  o t h e r  s c i ences ,  i s  t h e  scene of an involved 

and hard-fought b a t t l e  of i d e a s .  In  t h i s  b a t t l e  t h e  d i a l e c t i c a l - m a t e r i a l i s t  

Weltanschauung and s p e c i f i c a l l y  Lenin 's  teaching on evo lu t ion  provide a 

r e l i a b l e  compass toward a comprehension of t h e  laws underlying t h e  unfolding 

of geological  p rocesses .  

Obviously, t h e  problem of  t h e  c h a r a c t e r  of t h e  evo lu t ion  o f  geo log ica l  

processes cannot be considered a p a r t  from one ' s  gene ra l  view o f  evo lu t ion  as 

a whole. For t h i s  reason,  i t  would be well  a t  t h i s  p o i n t  t o  r e c a l l  t he  

c h a r a c t e r i z a t i o n  of evo lu t ion  (development) given by V .  I .  Lenin. 

Lenin desc r ibes  t h e  two e x i s t i n g  concepts of evo lu t ion  i n  the following 

terms: "The two fundamental ( o r  two p o s s i b l e ?  o r  two h i s t o r i c a l l y  observ- 

able?)  conceptions of evo lu t ion  (development) a r e  : evo lu t ion  a s  r educ t ion  and 

i n c r e a s e ,  as r e p e t i t i o n ,  and evo lu t ion  a s  t h e  u n i t y  of  oppos i t e s  ( t h e  dichotomy 

of what i s  one i n t o  mutually exc lus ive  oppos i t e s  and t h e  i n t e r r e l a t i o n  between 

them) . 
"According t o  t h e  f irst  concept of  movement, movement i t s e l f  r e r a i n s  

obscure,  t h a t  i s ,  i t s  motive f o r c e ,  i t s  source,  i t s  motive remain i n  t h e  

shadows ( o r  e l s e  t h i s  source i s  t r a n s f e r r e d  t o  something external - ?  God, a 
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s u b j e c t ,  e t c . ) .  I n  t h e  second concept,  primary a t t e n t i o n  i s  centered  

p r e c i s e l y  on t h e  cogni t ion  of  t h e  sowee ' p e r  se'  of  t h e  movement. - / 8  

"The first concept i s  dead, p a l l i d ,  s te r i le .  The second i s  v i t a l .  Ovtzy 
t h e  second provides  a key t o  t h e  'automotion'  o f  a l l  t h a t  e x i s t s ;  i t  alone 

provides  a key t o  t h e  ' jumps , ' t h e  ' d i s r u p t i o n  of  gradualness  , ' t h e  'conver- 

s i o n  t o  t h e  oppos i t e , '  t h e  d e s t r u c t i o n  o f  t h e  o l d ,  and t h e  o r i g i n a t i o n  of t h e  

new .'I1 

According t o  t h e  concept of  t h e  c y c l i c  evo lu t ion  o f  t h e  Ea r th ,  geologica l  

phenomena can be  reduced t o  a cyc le  cons i s t ing  o f  t h r e e  consecut ive phases:  

t h e  accumulation of sediment,  orogeny, d i s i n t e g r a t i o n ,  and removal. Dis in te -  

g r a t i o n  and removal te rmina te  t h e  cyc le ,  wi th  t h e  lowland formed as  a r e s u l t  

of  removal s ink ing  and becoming t h e  scene of marine t r a n s g r e s s i o n s ,  l ead ing  

t o  t h e  accumulation of  sediment and t h e  beginning of  a new cyc le .  

way t h e  cyc le  i s  c losed .  With t h i s  view, t h e  "geological  h i s t o r y  of  our 

p lane t ' '  i s  nothing bu t  t h e  h i s t o r y  of success ive  c y c l e s .  Each g r e a t  cyc le  

corresponds t o  a major d i v i s i o n  i n  t h e  series o f  geologica l  epochs'' [Z,  p .  181. 

Using t h e  r a d i o a c t i v i t y  of  rocks ,  J o l i t ,  it w i l l  be  remembered, attempted t o  

provide a phys ica l  j u s t i f i c a t i o n  f o r  t h e  c y c l i c  p o i n t  of  view. 

In  t h i s  

To make c l e a r  t h e  methodological and s c i e n t i f i c  inadequacy of  t h e  concept 

of  t h e  E a r t h ' s  c y c l i c  evo lu t ion ,  t h e  fol lowing d e f i n i t i o n  of evolu t ion  given 

by Lenin i s  l ikewise  of fundamental importance t o  u s :  "Evolution as  t h e  

r e p e t i t i o n  of s t a g e s  a l ready  t r ave r sed ,  bu t  r epea t ing  them d i f f e r e n t l y ,  on 

a h igher  b a s i s  ( the  'nega t ion  of n e g a t i o n ' ) ;  evo lu t ion ,  as it were, along a 

s p i r a l  r a t h e r  than  a s t r a i g h t  l i n e ;  abrupt ,  c a t a s t r o p h i c ,  revolu t ionary  

evolu t ion ;  ' d i s r u p t i o n s  of  gradualness ; '  t h e  t ransformat ion  of  q u a n t i t y  i n t o  

q u a l i t y ;  i n t e r n a l  impulses toward evolu t ion  sparked by con t r ad ic t ion  , t h e  

c l a sh  of var ious  forces  and tendencies  of a given phenomenon o r  wi th in  a 

given s o c i e t y ;  interdependence and t h e  most i n t i m a t e ,  most i nd i so lub le  nexus 

of a l l  aspec ts  of every occurrence (with newer and newer aspec ts  revealed by - 

_ _  - - . - - __ - _ _ _  - _  

V. I .  Lenin, PoZnoye sobraniye soehineniy [Complete Col lec ted  Works], Vol. 29, 
p .  317 (Russian Edi t ion) .  
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h i s t o r y ) ,  a nexus provid ing  a u n i f i e d ,  r e g u l a r ,  u n i v e r s a l  p rocess  o f  movement -- 
such a r e  a f e w  of  t h e  c h a r a c t e r i s t i c s  of  d i a l e c t i c  as a more ( than  usua l ly )  - /9 
subs t an t ive  evolu t ionary  d o c t r i n e  .'I1 

Comparing t h e s e  two views of evo lu t ion ,  t h e  insolvency of  t h e  c y c l i c  

conception, which f a i l s  t o  r ep resen t  t h e  e n t i r e  mul t i formi ty  o f  t h e  Ea r th ' s  

evolu t ionary  process ,  w i l l  be  r e a d i l y  apparent .  There i s  i n  i t ,  f o r  example, 

abso lu t e ly  no p l ace  f o r  t h e  emergence of  a new q u a l i t y ,  of  new laws both 

regard ing  t h e  formation of  t h e  Ear th  as a whole and i t s  c r u s t  i n  p a r t i c u l a r .  

The c y c l i c  concept i s  a t  va r i ance  wi th  t h e  enormous weal th  of  f a c t u a l  m a t e r i a l  

which has a l ready  been accumulated by geologica l  experience.  

I t s  s c i e n t i f i c  unsoundness may a l s o  be seen  from t h e  fol lowing d a t a .  We 

know t h a t  pre-Cambrian depos i t s  conta in  la rge  amounts o f  q u a r t z i t e  formations 

r i c h  i n  i ron  o r e ;  t hese  inc lude  such major i r o n  s i t e s  a s  Krivoy Rog, t h e  

Kursk Magnetic Anomaly, and o t h e r s .  In  t h e  depos i t s  of l a t e r  systems w e  know 

of no o t h e r  reasonably s i g n i f i c a n t  formations of  t h i s  k ind .  According t o  the  

c y c l i c  concept,  however, w e  should be ab le  t o  d i scove r ,  because of  t h e  c y c l i -  

c i t y  of  t h e  process ,  i r o n  q u a r t z i t e  ore  formations o f  t h e  Krivoy Rog type t o  

an equal  degree i n  a l l  t h e  so -ca l l ed  cycles  of  geologica l  h i s t o r y .  But i n  

f a c t  t h i s  i s  not  t h e  case .  

We know t h a t  d e p o s i t s  of  t h e  Carboniferous conta in  l a r g e  q u a n t i t i e s  of 

coal  beds ,  while i n  t h e  d e p o s i t s ,  f o r  example, of t h e  S i l u r i a n  per iod  such 

s t r a t a  a re  unknown i n  any apprec iab le  amounts; nor em they be discovered 

the re  i n  s i z a b l e  masses f o r  the  reason t h a t  t h e  vege ta t iona l  world of  t h a t  

pe r iod  was s t i l l  a t  a very low s t a g e  i n  i t s  evolu t ion  and could not  provide 

t h e  b a s i c  material f o r  t h e  formation of coal  i n  t h e  amounts t h a t  w e  encounter 

i n  t h e  Carboniferous and subsequent systems. 

Numerous o t h e r  f a c t s  of  t h i s  k ind  could be c i t e d ,  and they  would a l l  

con t r ad ic t  t he  concept of  c y c l i c i t y .  Such facts c l e a r l y  demonstrate t h a t  t h e  

h i s t o r y  of t h e  E a r t h ' s  development i s  no t  a c y c l i c ,  bu t  r a t h e r  a p rogres s ive  

one. 

1 v. I .  Lenin, PoZnoye sobraniye sochinsniy [Complete Co l l ec t ed  Works], Vol. 26, 
p .  55 (Russian E d i t i o n ) .  
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In  t h e  area o f  t h e  c r u s t ' s  t e c t o n i c  movements "d i a s t roph ic  cycles ' '  have 

been e s t a b l i s h e d ,  which are a l l e g e d  t o  r e g u l a r l y  c o n t r o l  a l l  t h e  p rocesses  

i n  t h e  E a r t h ' s  h i s t o r y .  

from t h e  observed a l t e r n a t i o n  of states o f  r e l a t i v e  calm with moments o f  more 

i n t e n s i v e  movement i n  t h e  c r u s t .  

The r e g u l a r i t y  o f  t h e  d i a s t r o p h i c  cyc le  i s  der ived 

Such phenomena, while  they do a t t e s t  t o  t h e  non-uniformity of  t h e  

evo lu t iona ry  p rocess ,  say nothing about i t s  c y c l i c i t y .  The p r i n c i p a l  f a c t s  

on which t h i s  concept r e s t s  a r e  t h e  unconforming s t r a t i f i c a t i o n s  of folded 

formations.  

In every i n d i v i d u a l  case i t  w i l l  be r e a d i l y  discovered t h a t  each of t h e  

unconformably s t r a t i f i e d  formations d i f f e r s  i n  content  : l i t h o l o g i c  compo- 

s i t i o n ,  sequence of c o n s t i t u e n t  ho r i zons ,  c h a r a c t e r  of mine ra l s ,  degree of 

crushing and s h a t t e r i n g ,  d i f f e r e n t  remnants of t h e  o rgan ic  world,  non iden t i ty  

of geochemical p rocesses  r e l a t e d  t o  the  thickness  of  t h e  formations and t h e i r  

compositions,  presence of  organic  ma t t e r ,  and o t h e r  e s s e n t i a l  a t t r i b u t e s .  

In s t ances  of  unconforming occurrences o f  crushed formations a t t e s t ,  as 

already noted,  t o  an abruptness of development. I n  geology, abruptness ,  

which c o n s t i t u t e s  one of t h e  c h a r a c t e r i s t i c  f e a t u r e s  of  any evo lu t ion ,  i s  

manifested i n  t h e  i n t e r r u p t i o n  (d i s rup t ion )  of t he  gradualness  of  movement 

i n  i n d i v i d u a l  regions of t h e  Ea r th ,  i n  t h e  occurrence of  more i n t e n s i v e  

displacements i n  t h e  c r u s t ,  as w e l l  as i n  t h e  seve re  a l t e r a t i o n  of  t h e  E a r t h ' s  

su r f ace  conf igu ra t ion  and i n  a number o f  o t h e r  phenomena. A t  t h e  same time, 

t h e s e  successive abrupt  changes f a i l  t o  d i s c l o s e  any n o t i c e a b l e  constancy; 

on t h e  con t r a ry ,  they a r e  extremely va r i ega ted  both i n  t h e i r  i n t e n s i t y  and i n  

t h e i r  content  ( q u a l i t y ) .  

The r eade r  i s  aware t h a t  e f f o r t s  have been undertaken, based on rock 

r a d i o a c t i v i t y ,  t o  p h y s i c a l l y  j u s t i f y  t h e  concept of  c y c l i c i t y .  The l i n e  of 

reasoning he re  i s  as fol lows.  A l l  rocks a re  r a d i o a c t i v e .  A s  a r e s u l t  o f  

decay, hea t  i s  generated which i s  accumulated i n  t h e  s u b s t r a t e  and causes 

i t  t o  me l t .  The r e s u l t  i s  a s e r i e s  of s h i f t s  i n  t h e  E a r t h ' s  c r u s t ,  which 

give r i s e  t o  cool ing,  which i n  tu rn  generate  new s h i f t s .  
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I t  has  been e s t a b l i s h e d  by experimental  d a t a  t h a t  t h e  process  of t he  

r a d i o a c t i v e  decay of ma t t e r  i s  s u b j e c t  t o  no c y c l i c i t y .  The geo log ica l  

pe r iods ,  t o  say nothing of t h e  l a r g e r  segments i n  t h e  E a r t h ' s  h i s t o r y  which /11 
correspond t o  t h e  so -ca l l ed  cyc le s ,  a r e  i n t e r d i f f e r e n t i a t e d ,  among o t h e r  

t h i n g s ,  by t h e  a d d i t i o n a l  fact  t h a t  t h e  amount of decayed ma t t e r  w i l l  d i f f e r  

f o r  them, and i n  every success ive  one of t h e  E a r t h ' s  pe r iods  t h e r e  w i l l  be 

evident  s i g n i f i c a n t  v a r i a t i o n s  i n  rock composition and i n  t h e  processes  which 

t ake  p l ace  i n  t h e  c r u s t  under t h e  e f f e c t  of r a d i o a c t i v e  decay. 

I t  w i l l  e a s i l y  be seen t h a t  undergirding t h e  p o s t u l a t e s  we have been 

consider ing i s  a metaphysical understanding of  t h e  processes  of t he  E a r t h ' s  

h i s t o r y .  

With r e spec t  t o  t h e  o rgan ic  world, he re  t h e r e  can be no ques t ion  whatso- 

ever  of any c y c l i c i t y  i n  i t s  development. What does immediately s t r i k e  t h e  

i n v e s t i g a t o r  i s  the  emergence, during t h e  course of evo lu t ion ,  of new spec ie s  

of p l a n t s  and animals,  and i n  t h i s  connection each s o - c a l l e d  geo log ica l  cycle  

r evea l s  a p rogres s ive ly  proceeding development. A t  t he  same t ime ,  t h e  process  

i t s e l f  whereby t h e  organic  world i s  renewed does no t  t ake  p l ace  a t  t h e  same 

pace i n  a l l  segments of  t h e  E a r t h ' s  h i s t o r y ,  bu t  from time t o  t ime,  as  

evidenced by pa leon to log ica l  d a t a ,  d i s c l o s e s  more abrupt changes c o n s t i t u t i n g  

turning p o i n t s  and d i s c o n t i n u i t i e s  i n  t h e  general  evo lu t iona ry  development. 

I t  would seem t h a t  t h e  simple f a c t  of  t h e  p rogres s ive  development of t he  

organic  world would exclude any c y c l i c i t y  i n  the  geo log ica l  p r o c e s s .  But 

apparent ly  t h e  advocates of  t h i s  view b e l i e v e  t h a t  t he  o rgan ic  world e x e r t s  

no s i g n i f i c a n t  e f f e c t  on t h e  behavior of s o - c a l l e d  ino rgan ic  p rocesses ,  or 
t h a t  changes are proper  t o  t h e  o rgan ic  world, while from century t o  century 

nonorganic processes  r e c u r  i n  t h e  same forms. These a s s e r t i o n s  fol low from 

the  view t h a t  i n  by-gone e r a s  t h e  Ea r th  was the  scene of t h e  same processes  

and phenomena which are witnessed i n  our  p r e s e n t  age.  

I n  conformity with a s s e r t i o n s  of  t h i s  kind w e  ought t o  suppose, f o r  

example, t h a t  t h e  p e a t  formation process  i n  t h e  pre-Cambrian w a s  as ex tens ive ly  

encountered as a t  t h e  p r e s e n t  time, o r  t h a t  t h e  in f luence  of t h e  v e g e t a t i o n a l  

and animal world,  as we l l  as of  man, on t h e  t ransformation of t h e  E a r t h ' s  
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su r face  has  been i d e n t i c a l  throughout a l l  geo log ica l  pe r iods  -- which i s ,  of 

course,  absurd.  However, according t o  the  advocates of  t hese  t h e o r i e s ,  t h e  

formation o f  sedimentary rocks ,  t h e i r  crushing i n t o  f o l d s ,  metamorphization, 

i n j e c t i o n s  o f  vu lcan ic  rocks ,  etc.  -- i n  a word, a l l  t h e  so -ca l l ed  ino rgan ic  

processes  take  p l a c e  from century t o  century  i n  e x a c t l y  t h e  same, very few and 

morphologically ve ry  s imple,  forms which b e a r  v i r t u a l l y  no impr in t  of  t h e  

t i m e ,  bu t  c a r r y  almost exc lus ive ly  t h e  mark of  t h e i r  own formation.  

However, it i s  widely known t h a t  t h e  anc ien t ,  pre-Cambrian rocks d i f f e r  

from l a t e r  formations,  a long with o the r  a t t r i b u t e s ,  by t h e i r  more pronounQed 

metamorphization as  w e l l ;  w e  know t h a t ,  a l l  o t h e r  f a c t o r s  be ing  equa l ,  rocks of 

t h e  Cambrian and S i l u r i a n  pe r iods  gene ra l ly  e x h i b i t  l e s s  pronounced meta- 

morphization than  pre-Cambrian, bu t  more pronounced than l a t e r ,  say  Mesozoic, 

rocks.  This  genera l  p r i n c i p l e  i s  a l s o  not  wi thout  except ions :  whenever young 

rocks a r e  more markedly metamorphized than  o l d e r  ones.  However, t h i s  kind o f  

age r e l a t i o n s h i p  i s  r a r e l y  encountered.  

L i k e w i s e  unfounded i s  t h e  a s s e r t i o n  t h a t  nonorganic processes  occur from 

century t o  century i n  p r e c i s e l y  t h e  same forms wi th  r e s p e c t  a l s o  t o  t h e  

formation o f  sedimentary rock and i t s  crushing i n t o  f o l d s ,  along with c e r t a i n  

o the r  processes .  

I t  i s  well recognized,  f o r  example, t h a t  t h e  na tu re  of f o l d i n g  and the  

t e c t o n i c  d i s rup t ions  of a s p e c i f i c  reg ion  a r e  manifested d i f f e r e n t l y  depending 

on t h e  previous h i s t o r y  of t h e  reg ion  i n  ques t ion ,  while  t h a t  same h i s t o r y  

f o r  va r ious  reg ions  a f f ec t ed  by fo ld ing  has n o t  been t h e  same. 

some kind of “dead” form, independent of conten t ;  r a t h e r ,  t h i s  form i s  
in t ima te ly  r e l a t e d  t o  conten t  and reflects i n  i t s  occurrence t h e  whole weal th  

o f  d i v e r s i t y  of  t h i s  conten t .  I t  would be i n c o r r e c t  t o  f a i l  t o  take  i n t o  

account t h e  d i f f e r e n c e s  i n  t h e  forms i n  which f o l d i n g  has  been manifested,  

as t hese  forms have occurred dur ing  d i f f e r e n t  phases of  f o l d  formation.  

Folding is  no t  

The very f a c t  of  t h e  d i s s o c i a t i o n ,  i n  t h e  s tudy  of  t h e  Ea r th ’ s  h i s t o r y ,  

of  what a r e  r e f e r r e d  t o  as  i no rgan ic  processes  from t h e  evolu t ion  of t h e  1 

organic  world is an example of a f a l l a c i o u s  approach t o  t h e  s o l u t i o n  of t h e  

problem. This  approach i s  inadmiss ib le  f o r  t h e  fol lowing cons idera t ions .  I n  
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t h e  f i rs t  p l a c e ,  by i t s  a c t i v i t y  t h e  organic  world i s  an important  f a c t o r  

i n  t h e  t ransformat ion  of  t h e  Ea r th ' s  s u r f a c e .  

concent ra t ions  t h e  remnants of t h i s  organic  world make up s i z a b l e  p o r t i o n s  of 

t h e  rocks p re sen t  i n  t h e  composition of  t h e  E a r t h ' s  c r u s t  ( l ime,  coa l ,  and 

In  t h e  second p l a c e ,  by t h e i r  

o t h e r s ) .  In  t h e  t h i r d  p l ace  , t he  presence of  organic  ma t t e r  has  a co los sa l  - /13 
effect on t h e  evo lu t ion  of  geochemical p rocesses .  

Using what has  j u s t  been s t a t e d  a s  a p o i n t  of depar ture  i n  t h e  consider-  

a t i o n  of t h e  l i t h o l o g i c a l  composition of  t h e  rocks occurr ing  i n  t h e  so-ca l led  

cyc les  , it i s  clear t h a t  t h e  organic  world , beginning wi th  i t s  genes is  , has  

undergone s i g n i f i c a n t  a l t e r a t i o n s  ; i t s  e f f e c t  as  a t ransforming f a c t o r  has  

v a r i e d  from geologica l  pe r iod  t o  geologica l  per iod;  l i kewise ,  t h e  r o l e  of t h e  

formations ( l imestones , c o a l s ,  e t c . )  , assoc ia ted  wi th  t h e  v i t a l  a c t i v i t y  of  

t h e  organisms and t h e i r  r e l i c s ,  has  a l s o  d i f f e r e d  a t  d i f f e r e n t  ages of t h e  

E a r t h ' s  h i s t o r y .  S imi l a r ly  d i f f e r e n t  have been t h e  geochemical processes  

l inked t o  formations of organic  o r i g i n  and t o  ex tens ive  s t r a t a  of organic  

rock during d i f f e r e n t  geo log ica l  pe r iods .  

For  example, t h e  geochemical processes  r e l a t i n g  t o  coal  formation i n  t h e  

Carboniferous were beyond ques t ion  more s i g n i f i c a n t  than , say , dur ing  t h e  

Cambrian o r  S i l u r i a n .  This  fo l lows  from t h e  ev ident  f a c t  t h a t  i n  t h e  depos i t s  

of t h e  Cambro-Silurian we f a i l  t o  f i n d  any meaningful coal  concent ra t ions ,  

a t  t h e  same t i m e  t h a t  such concent ra t ions  a r e  found i n  g r e a t  abundance i n  the  

Carboniferous and l a t e r  systems. 

O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  ques t ion  as  t o  whether upheavals and sub- 

s idences  on geosyncl ines  and p la t forms  t ake  p l ace  s imultaneously o r  a t  

d i f f e r e n t  t imes and , correspondingly,  whether i n  both p l aces  t r ansg res s ions  

and r eg res s ions  occur s imultaneously o r  a t  d i f f e r e n t  t imes.  According t o  

t h e  c y c l i c i t y  concept , t r ansg res s ions  on t h e  p la t forms  correspond t o  r eg res -  

s i o n s  on t h e  geosyncl ines  , with upheaval and subsidence occurr ing  simultaneous- 

l y  on both .  Synchronism and i d e n t i t y  of movement on sync l ines  and p la t forms  

c o n s t i t u t e  one of t h e  corners tones  of t h e  theory  which, based on rock r ad io -  

a c t i v i t y  and i s o s t a s y ,  ho lds  t h a t  events  i n  t h e  E a r t h ' s  h i s t o r y  a r e  repea ted  

wi th in  l a r g e  t i m e  i n t e r v a l s  (150 t o  300 m i l l i o n  y e a r s ) .  The sequence o f  t h e  
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events  making up t h e  cyc le  is t h i s :  slow subsidence accompanied by t h e  

encroachment of  t h e  seas on t h e  con t inen t ,  r eces s ion  of  t h e  seas, and, f i n a l l y ,  

general  upheavals.  

Examining t h e  f a c t u a l  material a v a i l a b l e  on t h e  q u e s t i o n  o f  c r u s t  move- 

ments, we  are compelled t o  acknowledge t h a t  upheavals and subsidences on t h e  

platforms and geosynclines are not  governed by t h e  p o s t u l a t e s  descr ibed above. 1. 

Upheavals and subsidences on platforms and sync l ines  occur i n  a v a r i e t y  o f  

combinations : within a d e f i n i t e  h i s t o r i c a l  time frame both upheavals and 

subsidences t a k e  p l a c e  s imultaneously,  with both occur r ing  on platforms as 

we l l  as i n  geosyncl inal  r eg ions .  

- /14 

By way of  example w e  might p o i n t  ou t  t h a t  t h e  t e c t o n i c  movements i n  t h e  

Quaternary pe r iod  on t h e  Eastern European p l a t fo rm and i n  the  surrounding 

regions were of d i f f e r e n t  c h a r a c t e r .  In  f a c t ,  t h e  regions of Fennoscandia, 

t h e  Azov-Podolsk C r y s t a l  Massif, t h e  Donets Basin, and t h e  Voronezh Block 

experienced upheavals during t h e  Quaternary,  while du r ing  t h e  same pe r iod  

t h e  areas of  Polesk,  t he  Danube Depression, t he  middle course o f  t h e  Don, t h e  

lower reaches of  t h e  Kuban River and the  b a s i n  of t h e  T e r e k  River ,  t he  lower 

Rion and Kura r i v e r s  , and t h e  Caspian Depression underwent subsidence.  

The a v a i l a b l e  d a t a  make i t  c l e a r  t h a t  s t a t emen t s  regarding t h e  simul- 

t a n e i t y  and i d e n t i t y  of cha rac t e r  of  t h e  upheavals f l y  i n  t h e  f ace  of t h e  

f a c t u a l  material. I n  gene ra l ,  knowing how heterogeneous i s  t h e  s t r u c t u r e  of 

t h e  E a r t h ' s  c r u s t  i n  i n d i v i d u a l  a r e a s ,  one cannot even assume t h a t  throughout 

t h e  E a r t h ' s  e n t i r e  h i s t o r y  the  movements i n  i t  could be of i d e n t i c a l  c h a r a c t e r ,  

t h a t  i s ,  t h a t  both on t h e  platforms and on t h e  geosyncl ines  they could be i n  

t h e  na tu re  e i t h e r  of upheavals a lone,  encompassing t h e  E a r t h ' s  t o t a l  c r u s t  

(following t h e  c y c l i c  theory)  o r  of  subsidences alone,  l i kewise  of u n i v e r s a l  

occurrence.  

Such were t h e  p r i n c i p a l  comments on t h e  concept of c y c l i c i t y  which w e  

made i n  1939 [ 3 ] .  Over t h e  l a s t  t h i r t y  y e a r s  the c y c l i c i t y  concept has  been 

s u b j e c t  t o  repeated c r i t i c i s m  by Soviet  geologis ' ts .  S t i l l ,  u n t i l  r e c e n t l y  

t h i s  view has remained i n  t h e  a r s e n a l  o f  metaphysical i deas  according t o  which 

t h e  h i s t o r y  of t h e  E a r t h ' s  c r u s t  and i t s  s u r f a c e  i s  presented,  as r i g h t l y  noted 
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i n  t h e  encyclopedia,  " e i t h e r  i n  t h e  form of a c l o s e d - c i r c l e  c y c l i c  evo lu t ion  

with r e t u r n  t o  t h e  i n i t i a l  s ta te  ( D .  J o l i t ) ,  o r  i n  t h e  form o f  p e r i o d i c a l l y  

r ecu r r ing  u n i v e r s a l  ' c a t a s t r o p h e s '  of  f o l d  formation o r  of orogenic  phases 

sepa ra t ed  by pe r iods  of  quiescence ( G .  S h t i l l e ,  L .  Cobert ,  e t  a l . ) "  [4, 

p .  5201. 

Even today c e r t a i n  no t ions  of  c y c l i c  evo lu t ion  f i n d  t h e i r  way t o  t h e  

pages of our  p r e s s .  

t h e  i d e o l o g i c a l  b a s i s  of Sov ie t  geo log ica l  s c i ence .  The view o f  d i a l e c t i c a l  

mater ia l ism has won wide acceptance i n  Sov ie t  geology. 

twent ies  and t h i r t i e s  t h i s  view exe r t ed  a profound e f f e c t  on t h e  development 

of geochemistry (V. I .  Vernadskiy, A .  Y e .  Fersman) and of  geo tec ton ic s  

(M.  M .  Tetyayev and o t h e r s ) .  A t  t h e  same time t h e r e  began t o  be c u l t i v a t e d  

i n  geotectonics  t h e  p rogres s ive  t r e n d  widely known today as t h e  " inhe r i t ance  

p r i n c i p l e "  ( N .  S .  Sha t sk iy ,  A .  V .  Peyve, and o t h e r s )  , according t o  which 

s t r u c t u r a l  formation i s  viewed as a p rogres s ive ly  evolving process  c o n s i s t i n g  

of  two f a c t o r s :  i n h e r i t a n c e  and s t r u c t u r a l  neogenesis [SI. 

But a t  t h e  p r e s e n t  time i t  i s  no t  t h i s  school  which forms /15 

A s  e a r l y  as t h e  

The view t h a t  t h e  evo lu t ion  of geo log ica l  processes  has been a p rogres s ive  

one i s  beginning t o  a t t a i n  dominant s t a t u s .  The fo ld ing  e r a s  a r e  a l ready 

being considered no t  as t h e  f i n a l  l i n k s  i n  a closed cycle  repeated over 

extended i n t e r v a l s  of t i m e ,  b u t  as d e f i n i t e  s t a g e s  i n  t h e  evo lu t ion  of t h e  

Earth I s c r u s t  . 
The major e r a s  of f o l d i n g  have been given an e n t i r e l y  d i f f e r e n t  i n t e r -  

p r e t a t i o n .  According t o  t h i s  view, t h e  major f o l d i n g  e r a s  make it p o s s i b l e  

t o  break down the  evo lu t ion  of  t h e  c r u s t  i n t o  a number of  important s t a g e s  - -  
metastages -- which r e p r e s e n t  t h e  "sequence i n  the ex i s t ence  of  d e f i n i t e  types 

of major s t r u c t u r a l  forms r e p l a c i n g  each o t h e r  i n  time and t r a c i n g ,  as i t  were, 

t h e  p r i n c i p a l  s t e p s  on a given evo lu t iona ry  path" [6,  p .  271. 

We might note  t h a t  a t  t h e  p r e s e n t  t i m e  any more o r  l e s s  s i g n i f i c a n t  new 

fact  der ived from t h e  s tudy of  t h e  geo log ica l  s t r u c t u r e  of t h e  E a r t h ' s  c r u s t  

o r  t h e  geology of  t h e  ocean f l o o r  acqu i r e s  s p e c i a l  s i g n i f i c a n c e  toward an 
understanding of t h e  laws o f  geo log ica l  evo lu t iona ry  p rocesses .  

13  



O f  g r e a t  importance i n  t h i s  r ega rd  are t h e  i n v e s t i g a t i o n s  i n t o  t h e  mater- 

i a l  composition of  lithographic r eco rds  of  t h e  Russian Platform.  Relying 

h e a v i l y  on "measure and number," t h e s e  i n v e s t i g a t i o n s  provide a b a s i s  f o r  

judgements, based now on q u a n t i t a t i v e  d a t a ,  r ega rd ing  t h e  geo log ica l  develop- 

ment of  t h i s  v a s t  area. By summarizing t h i s  material  i t  has been p o s s i b l e  t o  

determine t h e  change over  time i n  t h e  r e l a t i v e  disseminat ion and composition 

o f  t h e  more important  rock types on the  Russian Platform [7-91 and, by general-  

i z i n g  Soviet  and worldwide information,  t o  formulate a well-founded p i c t u r e  

of  t h e  evo lu t ion  o f  t h e  E a r t h ' s  c r u s t  [ l o ] ,  t he  evo lu t ion  of t h e  composition 

of t h e  E a r t h ' s  s o l i d  s h e l l ,  t he  ocean, and t h e  atmosphere [ll] from t h e  e a r l y  

pre-Cambrian t o  t h e  modern era,  uncovering t h e  causa l  r e l a t i o n s h i p s  between 

t h e  development of  t h e s e  Ea r th  envelopes,  v a r i a t i o n s  i n  t h e  composition o f  

magmatic rocks ,  and t h e  h i s t o r y  of  t e c t o n i c  movements. An important p o i n t  

he re  i s  t h a t  i t  i s  p r e c i s e l y  t h e s e  f a c t u a l  q u a n t i t a t i v e  and q u a l i t a t i v e  d a t a  on 

t h e  simultaneous evo lu t ion  o f  t h e  l i t h o l o g i c  composition of  sedimentary rock,  

t he  c a t i o n i c  composition of t h e  waters of  t h e  world ocean, and t h e  gaseous 

composition of  t h e  lithosphere, hydrosphere,  and atmosphere, accompanied by 

c o n c o m i t a n t  changes i n  t h e  composition o f  e r u p t i v e  rocks and by t h e  evo lu t ion  

(due t o  mel t ing and d e g a s s i f i c a t i o n )  of t he  upper mantle,  which c o n s t i t u t e  a 

convincing proof of t h e  i r r e v e r s i b i l i t y  of  t h e  p rocesses  which have occurred 

on the  Ea r th  during t h e  e n t i r e  time frame t o  which t h i s  f a c t u a l  information 

r e l a t e s  -- t h a t  i s ,  from t h e  e a r l y  pre-Cambrian t o  t h e  contemporary age. 

In  r ecen t  decades a l a r g e  body of f a c t u a l  material has been developed 

regarding t h e  Asian con t inen t  , with the  a n a l y s i s  of t h i s  information leading 

t o  new and fundamentally important t h ink ing .  I n  t h e  view o f  A.  L .  Yanshin, 

t h e  new d a t a  "support  t h e  a s s e r t i o n  t h a t  t h e  s t ruc tu?e  of  t h e  E a r t h ' s  c r u s t  

shows a purposeful  development and t h a t  t he  c h a r a c t e r  of  t h e  t e c t o n i c  pro- 

cesses  i n  t h e  E a r t h ' s  h i s t o r y  undergoes i r r e v e r s i b l e  change [ 1 2 ,  p .  111. I t  

i s  e s t a b l i s h e d  t h a t  " t e c t o n i c  processes  have v a r i e d  q u a l i t a t i v e l y  over t ime.  

Geosynclines which e x i s t e d  a t  d i f f e r e n t  pe r iods  i n  t h e  Earth ' s  h i s t o r y  have 

d i f f e r e d  i n  t h e i r  morphology, magmatism, t h e  formational  c h a r a c t e r  of  s e d i -  

ments, and i n  t h e  d u r a t i o n  of t h e i r  e x i s t e n c e .  Correspondingly, t h e  folded 
s t r u c t u r e s  which have a r i s e n  i n  d i f f e r e n t  ages have a l s o  been d i f f e r e n t "  
[12 ,  p .  301. 
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A. L .  Yanshin writes f u r t h e r :  "We must ev iden t ly  regard as i n c o r r e c t  the 

widely held view of  r e p e t i t i v e  ' cyc le s  ' o f  geosyncl inal  development and 

f o l d i n g ,  approximate i n  c h a r a c t e r  and, moreover, of an approximately i d e n t i c a l  

du ra t ion  of  150 m i l l i o n  y e a r s .  I n  r e a l i t y ,  no such cyc le s  e x i s t  and one can 

speak only of evo lu t iona ry  c r u s t  s t a g e s  q u a l i t a t i v e l y  d i f f e r i n g  i n  durat ion" 

[I21 

I n  Yanshinls r e p o r t  [13] an a n a l y s i s  o f  t h e  t e c t o n i c  evo lu t ion  of t h e  - /17 

E a r t h ' s  c r u s t  is given and s p e c i f i c  examples are c i t e d  t o  i n d i c a t e  the  appear- 

ance of  new s t r u c t u r a l  types during t h e  course of  t h i s  development. 

In  o t h e r  areas of geo log ica l  r e sea rch  a l s o ,  i n  r e c e n t  y e a r s ,  f r e s h  d a t a  

have been obtained confirming the  progressiveness  of  evo lu t ion  i n  geo log ica l  

p rocesses .  This information shows t h a t  t h e  man i fe s t a t ion  o f  g r a v i t a t i o n a l  

f o r c e s  on Ea r th  has not  remained cons t an t ;  t h e r e  have been changes i n  t h e  

p o s i t i o n  of  t h e  E a r t h ' s  a x i s  of  r o t a t i o n  and of t h e  p o l e s ,  with corresponding 

v a r i a t i o n s  i n  t h e  man i fe s t a t ion  of geo log ica l  p rocesses .  

been o f f e r e d  [14] t o  t h e  e f f e c t  t h a t  c l i m a t i c  z o n a l i t y ,  t h e  d i s t r i b u t i o n  

p a t t e r n  of  rocks of s p e c i f i c  l i t h o l o g i c  composition, and t h e  paleographic  

condi t ions i n h e r e n t  i n  t h e  agglomeration of  sediment have undergone profound 

changes over t i m e .  I t  must be p a r t i c u l a r l y  underscored t h a t ,  dur ing the  course 

of t h e s e  modif icat ions , new d i s t i n c t i o n s  emerged i n  the c h a r a c t e r  of t h e  

sediment formation process  i t s e l f ,  as  occasioned by the  i r r e v e r s i b i l i t y  of  t h e  

evo lu t ion  of  t h e  physical-geographical  environment and chemical-biological  

sedimentation [15]. An e s s e n t i a l  p o i n t  i s  t h a t  t hese  d i f f e r e n c e s  i n  sedimen- 

t a t i o n  have been e s t a b l i s h e d  with r e s p e c t  t o  t h e  sediment accumulation of  t h e  

post-Cambrian. 

more s t r i k i n g  f o r  t h e  pre-Cambrian, whose h i s t o r y  i n  t h i s  regard has  thus fa r  

been l i t t l e  s t u d i e d .  O f  paramount importance t o  t h i s  s tudy  are t h e  f r e s h  

d a t a  [16] which i n d i c a t e  t h a t  pre-Cambrian formations c o n s i s t  mainly of  

metamorphic s e r i e s  of  primary sedimentary and not  magmatic o r i g i n ,  as has 

h e r e t o f o r e  been be l i eved .  

la tes t  information [17] according t o  which t h e  most anc ien t  lime r e l i c s  of  

organisms d a t e  back t o  the  a r c h a i c  pe r iod  and t h a t  l i f e  has  e x i s t e d  on Earth 

f o r  no l e s s  than t h r e e  b i l l i o n  y e a r s .  

Persuasive proof has  

There is  no ques t ion  b u t  t h a t  t h e  d i s t i n c t i o n s  w i l l  be even 

Also of  p a r t i c u l a r  i n t e r e s t  i n  t h i s  r ega rd  i s  t h e  

There are a l s o  compelling reasons t o  
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be l i eve  t h a t  many carbonaceous rocks and i r o n  o r e s  of t h a t  pe r iod  were formed 

with the  p a r t i c i p a t i o n  o f  b a c t e r i a  [17] .  Radiogeological analyses  of t h e s e  

ancient  formations and of  t h e i r  synchronizat ion a r e  d e s t i n e d  t o  p l a y  a 

v i t a l  r o l e  i n  t h e  determinat ion of  t he  p a r t i c u l a r i t i e s  of t h e  geo log ica l  

h i s t o r y  of t he  pre-Cambrian [18]. 

Avai lable  d a t a  on te r res t r ia l  magnetism i n d i c a t e  t h a t  over t he  course of 

t he  p l a n e t ' s  evo lu t iona ry  h i s t o r y  the  E a r t h ' s  magnetic p r o p e r t i e s  have not  

remained cons t an t .  This a s s e r t i o n  flows from t h e  f a c t  t h a t  i n  va r ious  po r t ions  

of t h e  globe c e r t a i n  rocks e x h i b i t  a magnetic s t a t e  o r i e n t e d  i n  opposi t ion t o  

the d i r e c t i o n  of  t h e  E a r t h ' s  contemporary magnetic f i e l d  [19] .  

- / I 8  

The p o s s i b l e  occurrence of r eve r se  magnet izat ion can be  explained by the 

assumption e i t h e r  t h a t  t h e  d i r e c t i o n  of t h e  E a r t h ' s  magnetic f i e l d  was 

opposi te  t o  i t s  p r e s e n t  d i r e c t i o n  a t  t he  time t h e  rocks were magnetized, o r  

t h a t  t he  rocks possessed some i n t e r n a l ,  p h y s i c a l ,  o r  chemical mechanism which 

caused a p o l a r i t y  r e v e r s a l  i n  i t s  magnetism [ Z O ]  . By way of  example , one 

might mention t h a t  rocks formed beginning with t h e  Upper Carboniferous and 

ending with the  Lower and Middle Permian e x h i b i t  r e v e r s e  p o l a r i t y .  These 

rocks have been documented on v i r t u a l l y  a l l  con t inen t s  and span a time frame 

of 30 t o  40 m i l l i o n  y e a r s  da t ing  back t o  an era thought t o  be 300 m i l l i o n  

yea r s  i n  t h e  p a s t  [20].  

Other processes  which have no t  remained cons t an t  on t h e  Earth involve 

t h e  e f f e c t  o f  nuc lea r  f o r c e s .  
profound p o s s i b l e  in f luence  on a l l  a spec t s  of l i f e  on o w  p l a n e t  -- a f a c t  

which was noted even by V .  I .  Vernadskiy, t h e  p ionee r  of r ad iogeo log ica l  

s t u d i e s  i n  our  country.  According t o  Vernadskiy , r a d i o a c t i v e  decay promotes 

p e r c e p t i b l e  changes i n  t h e  p l a n e t ' s  atomic composition and i n  i t s  a c t i v e  

energy. "Chemically speaking, our p l a n e t  today and t h e  same p l a n e t  two 

b i l l i o n  yea r s  e a r l i e r  o r  l a t e r  a r e  two d i f f e r e n t  bodies" [21, p .  2251. 

The appearance of r a d i o a c t i v i t y  has had t h e  most 

Although these  views, i n  t h e  opinion of  many s c h o l a r s ,  may "require  

co r rec t ion"  [ 2 2 ,  p .  2181, t h e r e  i s  l i t t l e  doubt t h a t  t hey  p o r t r a y  a general  

progressive development i n  t h e  composition o f  t e r r e s t r i a l  matter. 

important t o  note  t h a t  as time goes by, new areas are be ing  discovered i n  

I t  i s  
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which n a t u r a l  r a d i o a c t i v e  emissions have inf luenced v a r i a t i o n s  i n  t h e  i s o -  

t r o p i c  composition of t e r r e s t r i a l  ma t t e r .  

d a t a  r e l a t i n g  t o  the  na tu re  of nuc lea r  r e a c t i o n s  caused by n a t u r a l  r ad io -  

r a d i a t i o n ,  i t  has  been determined [ 2 3 ]  t h a t  under t h e  effect  of t h i s  r a d i a t i o n  

t h e r e  occur i n  t h e  E a r t h ' s  c r u s t  t ransformations of t h e  atomic n u c l e i  of such 

abundantly encountered elements as s i l i c o n ,  potassium, sodium, magnesium, and 

o t h e r s .  

For  example, based on the  s tudy of 

On t h e  o t h e r  hand, more s i g n i f i c a n t  changes i n  t h e  geo log ica l  processes  /19 
of t h e  s t r a t i s p h e r e  a re  a s s o c i a t e d  with t h e  hea t  r e l e a s e d  during r a d i o a c t i v e  

decay. 

constant  over t h e  passage of t ime .  

Voytkevich, t h r e e  b i l l i o n  yea r s  ago K 4 0  r e l e a s e d  5 . 3  t imes,  and A c U * ~ ~  18 

times, more r ad iogen ic  hea t  than a t  p r e s e n t  [ 2 4 ] .  I t  can be e a s i l y  imagined - -  

and t h e r e  i s  confirmation i n  geo log ica l  d a t a  - -  t h a t  i n  ancient  times magmatic 

a c t i v i t y  was f a r  more i n t e n s e  than today, and, as  r e sea rch  has i n d i c a t e d ,  t he  

composition of t h e  products of t h i s  a c t i v i t y  have undergone evo lu t iona ry  

changes. 

Moreover, t h e  value of t h i s  radiogenic  thermal f a c t o r  has not remained 

According t o  t h e  c a l c u l a t i o n s  of  G .  V .  

The progressive development o f  geochemical p rocesses  emerges with t h e  

utmost v iv idness ,  t o  t he  degree t h a t  t h i s  has given r i s e  t o  the  d i s c i p l i n e  of 

h i s t o r i c a l  geochemistry, t h e  problems of which have been discussed i n  the 

works o f  V .  I .  Vernadskiy, A .  Ye. Fersman, and, i n  t h e  most r e c e n t  decade, 

A.  P .  Vinogradov [25] ,  A .  A .  Saukov [26 ] ,  A .  B .  Ronov [ l l ] ,  Yu. P .  Trusov 

[ 2 7 ] ,  and o t h e r s .  

I t  is  worthwhile no t ing  t h a t  one of  t h e  key aspects  o f  our modern geo- 

l o g i c a l  s c i ence ,  and one t h a t  p l ays  an important forward-looking r o l e  i n  the  

i n c u l c a t i o n  of a proper  understanding of n a t u r a l - h i s t o r i c  p rocesses ,  c o n s i s t s  

i n  the  f a c t  t h a t  t h i s  s c i ence  develops and conso l ida t e s  t h e  view of t h e  

E a r t h ' s  h i s t o r y  and t h e  evo lu t ion  of i t s  c r u s t  as a p rogres s ive  and i r r e v e r -  

s i b l e  p rocess .  

Y e .  V .  Shantser .  According t o  h i s  d e f i n i t i o n ,  t h e  h i s t o r y  of t he  Earth i s  a 

p rogres s ive  process  during which t h e r e  a r e  q u a l i t a t i v e  changes both i n  i t s  

s t r u c t u r e ,  t h e  phys ica l  s t a t e  of i t s  m a t t e r ,  and t h e  e n t i r e  thermodynamic and 

Th i s  view has been b r i l l i a n t l y  put  f o r t h  i n  t h e  work of 
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physicalychemical S i t u a t i o n  i n  i t s  co re  and on i t s  s u r f a c e .  

accompanied by corresponding a l t e r a t i o n s  i n  t h e  condi t ions and very course o f  

i t s  geo log ica l  p rocesses  [28, p .  1061. 

A l l  t h i s  is 

One i s  persuaded t h a t  such a d e f i n i t i o n  of  t h e  E a r t h ' s  h i s t o r y  i s  i n  

keeping with t h e  modern s t a t e  of t h e  a r t  i n  t h e  evo lu t iona ry  h i s t o r y  o f  our 

p l a n e t .  

2 .  Magmatic Processes .  Age Evolution of Magmatism . Products 

Magmatism i s  expressed i n  an i n t r i c a t e  complex of  e r u p t i v e  rocks which 

c o n s t i t u t e  an i n t e g r a l  p a r t  o f  t h e  E a r t h ' s  crust and are a c c e s s i b l e  t o  d i r e c t  

obse rva t ion .  A s  f a r  as it i s  p o s s i b l e  'to judge on t h e  b a s i s  of t h e  abundance 

of e r u p t i v e  rocks during d i f f e r e n t  geological  p e r i o d s ,  as we l l  as d a t a  

regarding vu lcan ic  a c t i v i t y  a t  t h e  p re sen t  time, magmatism has manifested 

i t s e l f  d i f f e r e n t l y  i n  t h e  course of  t i m e ,  both i n  terms of  i t s  i n t e n s i t y  and 

t h e  cha rac t e r  o f  i t s  e r u p t i v e  products ,  on t h e  one hand, and i t s  coordinat ion 

( a s soc ia t ion )  with s p e c i f i c  segments of t h e  c r u s t ,  on t h e  o t h e r .  This 

d i f f e r e n c e  i n  magmatism comes t o  l i g h t  i n  t h e  dual na tu re  of e rup t ions  

( i n t r u s i v e  and e f f u s i v e  t y p e ) ,  i n  t h e  m u l t i p l i c i t y  of t h e  groups and kinds 

o f  e r u p t i v e  rock, and a l s o  i n  t h e  v a r i e t y  o f  t h e i r  material composition and 

s t r u c t u r e .  

The p r i n c i p a l  f a c t o r s  r e spons ib l e  f o r  t h e  d i v e r s i t y  of  magmatic rocks 

inc lude  t h e  layer-by-layer  d i f f e r e n t i a t i o n  of m a t t e r ,  and t ime.  The dens i ty  

of t h e  mass, as expressed i n  t h e  s p e c i f i c  weight of  t h e  m a t t e r ,  i s  an 

important f a c t o r  i n  i t s  d i f f e r e n t i a t i o n  by l a y e r  during the  process  of  t h e  

formation of our p l a n e t ' s  envelopes and i n  t h e  s t r a t i f i e d  d i s t r i b u t i o n  of 

ma t t e r  i n  t h e  l i t h o s p h e r e .  

Inasmuch as t h e  phenomenon of magmatism r e p r e s e n t s  a complex process  

whereby ma t t e r  moves from lower-lying zones t o  upper,  t h e  s i g n i f i c a n c e  of 

s p e c i f i c  weight must be  recognized as a cons t an t ly  ope ra t ive  f a c t o r  i n  t h e  

d i s t r i b u t i o n  of t h e  material composition of  t h e  magma, as evidenced i n  one 

way o r  t h e  o t h e r  both i n  t h e  composition and s t r u c t u r e  of t h e  e r u p t i v e  rock .  

The t i m e  f a c t o r  i n  magmatism i s  of s p e c i a l  importance. I n  a c e r t a i n  

sense ,  magmatism is  a func t ion  of t i m e .  This fol lows from t h e  premise t h a t  
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t h e  E a r t h ' s  c r u s t  o r i g i n a t e d  a t  a p a r t i c u l a r  s t a g e  i n  t h e  evo lu t ion  o f  our  

p l a n e t  and t h a t ,  i n  t h e  course of t i m e ,  i t  took form, inc reas ing  i n  volume 

and changing i n  s t r u c t u r e .  

i n t r o d u c t i o n  of  matter from t h e  mantle i n t o  t h e  l i t h o s p h e r e  and, poss ib ly ,  

with t h e  simultaneous a c c r e t i o n  of t h e  c r u s t  from below. Both s i t u a t i o n s  are 

accompanied by a t r a n s i t i o n  of t h e  matter i n t o  a d i f f e r e n t  s t a t e .  

Crust thickening takes p l a c e  because of  t h e  

With matter so d i f f e r e n t i a t e d  on a layer-by-layer  b a s i s ,  i n  t he  e a r l i e r  

s t a g e s  o f  magmatism i t s  upper,  and consequently l i g h t e r ,  components must have 

s h i f t e d  t o  t h e  c r u s t .  With t h e  passage of t i m e ,  t h e  r o l e  of t h e  heav ie r  com- 

ponents,  brought up from t h e  deeper- lying p o r t i o n s  of  t h e  p l a n e t ,  a r e  seen as 

acquir ing g r e a t e r  s i g n i f i c a n c e  i n  t h e  m a g m a t i s m  phenomenon. 

O f  s i g n a l  i n t e re s t  i n  t h i s  connection i s  t h e  h i s t o r y  of  t h ink ing  regard-  

ing t h e  dependence of  e r u p t i v e  rocks on t h e i r  age. The f irst  e f f o r t s  t o  

summarize t h e  d a t a  on t h e  chemism of e r u p t i v e  rocks and t o  c l a s s i f y  them d a t e  

back t o  t h e  f irst  h a l f  o f  t h e  n ine t een th  century (Scherer ,  Durochet, Bunsen, 

e t  a l . ) .  Th i s  was a l s o  t h e  pe r iod  of  i n d i v i d u a l  nttcr 'pts t o  exp la in  the  r e -  

l a t i o n  of rock chemism and s t r u c t u r e  t o  t h e  t ime of  t h e i r  formation. Of 

p a r t i c u l a r  i n t e r e s t  i n  t h i s  r ega rd  a r e  t h e  e f f o r t s  by Elide-Beaumont (1847). 

I t  was the  b e l i e f  o f  t h i s  i n v e s t i g a t o r  t h a t  t h e  s t r u c t u r e  of e r u p t i v e  rocks 

could be used t o  determine which of them were formed during t h e  E a r t h ' s  

matur i ty  and which during i t s  o l d  age.  

Notions as t o  t h e  dependence of t h e  appearance of  magmatic rocks on the  

geological  age of t h e i r  formation a r e  r e f l e c t e d  i n  pe t rog raph ic  terminology 

by such concepts as pa l eovu lcan ic  and neovulcanic rocks ,  neo in t rus ions ,  as 

we l l  as by t h e  terms m e s o l i p a r i t e s ,  mesoandesites,  and o t h e r s .  

During the  second h a l f  of  t h e  n ine t een th  century t h e  concept of  rock 

s t r u c t u r e  as a func t ion  of  formation age w a s  i n t e n s i v e l y  developed by t h e  

ce l eb ra t ed  petrographer  Michel-Levi (1872-1875). Comparing t h e  s t r u c t u r e  of  

g r a n i t e s ,  porphyries ,  and t r a c h y t e s  with t h e i r  age,  t h i s  s c i e n t i s t  recognized 

age t o  be t h e  cause of t h e  d i v e r s e  s t r u c t u r e  of magma having i d e n t i c a l  compo- 

s i t i o n ,  s i n c e ,  i n  h i s  view, with t h e  passage of  t ime t h e  amount o f  mine ra l i ze r s  

i n  t h e  magma becomes smaller and t h e  c r y s t a l l i z a t i o n  condi t ions less f avorab le .  
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I t  i s  worthwhile no t ing  t h a t  somewhat l a te r  ( i n  1889) Michel-Levi pro- 

pounded a d i f f e r e n t  viewpoint,  holding t h a t  t h e  c l a s s i f i c a t i o n  of  e r u p t i v e  

rocks should be based on s t r u c t u r e  and mine ra log ica l  composition, r a t h e r  than 

on age and condi t ions of occurrence.  

Not without i n t e r e s t  are t h e  views o f  Bregger (1894) who suggested t h a t  

t h e  terms "paleovulcanic" and "neovulcanic" (which imply age - re l a t ed  concepts) 

as appl ied t o  rocks be r ep laced  by t h e  terms "paleotypic" and "cainotypic", t o  

s t r e s s  not  t h e  d i f f e r e n c e  i n  age,  bu t  r a t h e r  t h e  degree of p re se rva t ion  as a 

func t ion  of e x i s t e n t i a l  condi t ions ( t h a t  i s ,  with a c e n t e r i n g  of  a t t e n t i o n  on 

t h e  d i f f e r e n c e  i n  t h e  a l t e r a t i o n s  of  e f f u s i v e  rocks which arise a f t e r  t h e i r  

formation) .  

- / 2 2  

Side by s i d e  with viewpoints which i n  one form or  another acknowledge a 

r e l a t i o n s h i p  between d i f f e r e n c e s  i n  e r u p t i v e  rocks and t h e i r  age, t h e r e  have 

a l s o  been c u l t i v a t e d  t h e o r i e s  which t ake  t h e  oppos i t e  approach and deny th i s  
r e l a t i o n s h i p ,  excluding t h e  age f a c t o r  from t h e  c l a s s i f i c a t i o n  of t hese  rocks .  

This view was expressed by Dana as long ago as 1836, and was subsequently h e l d  

by Chermak (1869) , Olport  (1874) ,  Jedd (1885) , and o t h e r s .  I n  our country i t  

found suppor t e r s  i n  Venyukov, Polenov, and o t h e r s .  These r e sea rche r s  a l l  

proclaimed the  i d e n t i t y  o f  ancient  and young e r u p t i v e  rocks.  

P a r t i c u l a r l y  i n t r i g u i n g  a r e  Da i ly ' s  views , developed fol lowing a d e t a i l e d  

s tudy  of e r u p t i v e  rocks.  Within a s i n g l e  v a s t  area. of  magmatic a c t i v i t y  

Daily e s t a b l i s h e s  var ious pe t rogen ic  cycles  r e f l e c t i n g  t h e  recurrence of  

e rup t ive  rock groups. He holds t h a t  i n  t h e  f i rs t  era as well as i n  the l as t  

t h e  e rup t ions  have been of  e s s e n t i a l l y  the same n a t u r e ,  with approximately t h e  

same r a t i o  maintained f o r  i nd iv idua l  rock types wi th in  t h e  p e t r o g e n e t i c  cyc le s .  

Thus, he observes t h a t  t h e  b a s a l t i c  e x t r u s i o n s ,  i n  a d d i t i o n  t o . b e i n g  t h e  most 

common, are a l s o  of t h e  g r e a t e s t  average volume i n  any of t h e  major geo log ica l  

time d i v i s i o n s .  

Da i ly ' s  general  conclusion may be summarized as fo l lows .  Q u a l i t a t i v e l y  

i n t e r m i t t e n t  magma e rup t ions  gene ra l ly  tend t o  proceed i n  t h e  same d i r e c t i o n .  

With r e s p e c t  t o  t h e  chemical d i v e r s i t y  and cha rac t e r  of t h e  e r u p t i o n s ,  observed 

pre-Cambrian, pa l eozo ic ,  and mesozoic bodies  a r e  i n  many ways similar t o  
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t e r t i a r y  bodies [29, pp. 5 2 ,  531. Daily admits except ions from t h i s  p o s t u l a t e :  

a)  extremely i n t e n s e  magma a c t i v i t y  i n  t h e  pre-Cambrian; b) t h e  synchronizat ion 

of  a l l  major a n o r t h o s i t e  masses with the  pre-Cambrian pe r iod ;  c) t he  s p e c i f i c  

development of quartz-poor ,  a l k a l i - r i c h  rocks and g r a n o d i o r i t e  groups i n  t he  -- / 23 
post-Cambrian pe r iod .  

I n  t h i s  way w e  s e e  t h a t  regarding t h e  problem of t h e  age-associated change 

of magmatic rocks a v a r i e t y  of opinions have been proposed which can u l t i -  

mately be reduced t o  two fundamental p o s i t i o n s  of p r i n c i p l e .  One of  t h e s e  

accepts  t h e  fact  t h a t  over t i m e  magmatism and i t s  products  i n  one form or 

another experience change. Those who hold t h i s  view are i n c l i n e d  t o  l i n k  the  

cause of rock change with t h e  age of  t h e  rock formation.  According t o  t h e  

o t h e r  viewpoint,  magmatic e rup t ions  show a general  tendency t o  proceed i n  one 

d i r e c t i o n ,  and t o  a s i g n i f i c a n t  degree such e rup t ions  a r e  of t h e  same na tu re  

i n  t h e  f i r s t  e r a  as  i n  the  l a s t .  

There can, however, be no doubt t h a t  both i n  t i m e  and i n  i n d i v i d u a l  seg- 

ments of t h e  E a r t h ' s  c r u s t  magmatic man i fe s t a t ions  have been d i f f e r e n t  and t h a t  

t h i s  d i f f e r e n c e  has  been caused by changes, i n  t h e  course of  t i m e ,  i n  t h e  r o l e  

of t h e  ind iv idua l  elements i n  t h e  makeup of  t h e  magma. 

For t h e  purpose of  shedding l i g h t  on t h e  chemical d i f f e r e n c e  i n  g r a n i t e  

age groups the  author  has analyzed d a t a  on t h e i r  m a t e r i a l  composition [30]. 

Average d a t a  f o r  t h e  g r a n i t e s  a r e  given i n  Table 1 f o r  t h r e e  groups: p re -  

Cambrian g r a n i t e s  f o r  47 ana lyses ,  post-Cambrian g r a n i t e s  f o r  184 analyses ,  

and g r a n i t e s  f o r  " a l l  per iods"  f o r  546 ana lyses .  

The average values  c i t e d  should,  i d e a l l y ,  correspond t o  t h e  mean percent  /24  

content  of i nd iv idua l  components f o r  t h e  appropr i a t e  g r a n i t e  age groups. 

Na tu ra l ly ,  t h e  g r e a t e r  t h e  number of analyses ,  t h e  c l o s e r  t h e  average quan t i -  

t i e s  w i l l  be t o  t h e  r e a l  mean content ;  however, t he  a n a l y s i s  q u a n t i t i e s  actu-  

a l l y  presented can be regarded as gene ra l ly  r e l i a b l e  f o r  prel iminary conclu- 

s i o n s .  

r e l a t i v e l y  small, s t i l l  w e  are a l s o  ab le  t o  judge t h e  constancy and c o n s i s t -  

ency of  t h e  average content  by comparing i t  with the  average f i g u r e s  f o r  t h e  

"all  per iods"  g r a n i t e s ,  f o r  which 546 analyses were taken.  

Although f o r  t h e  pre-Cambrian q u a n t i t i e s  t h e  number of  analyses  i s  
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TABLE 1. GRANITE COMPOSITION DATA BY AGE GROUP 

2.22** 

3.31 

3.98 

0.27 

i 

2.01 

3.52 

4.15 

0.19 

--- Com- 
ponent Pre- 

Cambrian 
47 .___ - 

Si02  71.56 

0.48 

14.20 

1.47 

1.65 

0.18 

1.58 

1.79 

0.12 

r a n i t e  
Pos t -  

Cambrian 
-184 - 
70.28 

0.34 

15.10 

1 .63  

1.67 

0 .11  

K 2 0  

P203 

A 1  1 I Com- 
?e r iods  ponent 

546 

70.77 

0.39 

14.59 Na20 

P r e -  
Cambrian 

47 

0.59 

1.98" 

3.26 

4.53 

0.10 

--- 
Post -  I A1  1 

1.09'  

* Including 0.08% BaO and 0.01% SrO ** Inc luding  0.06% BaO and 0.02% SrO 

In  f a c t ,  i f  i n  a c t u a l i t y  t h e r e  is  some d e f i n i t e  age-dependent law i n  t h e  

change of t h e  m a t e r i a l  composition o f  t h e  g r a n i t e s ,  then  gene ra l ly  we should 

expect  t h a t  t h e  va lues  f o r  t h e  g r a n i t e s  of  a l l  pe r iods  w i l l  assume a mean 

p o s i t i o n  between corresponding p o i n t s  f o r  t h e  pre-Cambrian, on the  one hand, 

and t h e  post-Cambrian g r a n i t e s  , on t h e  o t h e r .  

As can be seen from t h e  ana lys i s  of  t hese  d a t a ,  t h e  va lues  cha rac t e r i z ing  

t h e  percentage conten t  of  oxides  f o r  t h e  " a l l  per iods"  g r a n i t e  group do 

occupy such a mean p o s i t i o n ,  with t h e  except ion  of sodium oxide and f e r rous  

oxide,  f o r  which t h e s e  q u a n t i t i e s  a re  g r e a t e r  than  t h e i r  expected va lue .  Very 

l i k e l y ,  f o r  t hese  components t h e  average f i g u r e s  f o r  47 pre-Cambrian analyses  

and 184 post-Cambrian, making up l e s s  than h a l f  t h e  t o t a l  number of analyses  

f o r  t h e  " a l l  per iod" g r a n i t e  group, do not  f u l l y  r ep resen t  t h e  mean sodium 

content  i n  t h e  g r a n i t e  of  t h e  corresponding ages .  We have reason t o  expect  

t h a t  co r rec t ions  w i l l  ev iden t ly  be i n  t h e  d i r e c t i o n  of an increased  mean 

sodium content  f o r  t h e  post-Cambrian g r a n i t e s ;  t h i s  fol lows from t h e  tendency 

f o r  t h e  sodium content  t o  inc rease  a s  t he  age o f  t h e  g r a n i t e  decreases .  The 

same statement  a l s o  app l i e s  t o  the  f e r rous  oxide .  

i n g  components, t h e  average q u a n t i t i e s  show good coord ina t ion .  

With r e spec t  t o  the  remain- 

In  consider ing t h e s e  d a t a ,  a p r i n c i p a l  po in t  t o  note  i s  t h a t  t h e  percent -  

age content  f o r  t h e  oxides d i f f e r s  f o r  t h e  var ious  g r a n i t e  age groups,  with 

t h e  25 content  of some oxides i n  the  post-Cambrian g r a n i t e s  i nc reas ing ,  while  i n  - 
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o t h e r s ,  conversely,  it f a l l s .  The v a r i a t i o n  i n  component content  d i f f e r s :  

f o r  s i l i c o n  it i s  expressed as 1 .28%;  f o r  K 2 0 ,  Na20, CaO, MgO, Fe  0 

of a pe rcen t ;  and f o r  MnO and FeO i n  hundredths o f  a pe rcen t .  

TABLE 2 .  CONTENT OF ELEMENTS I N  THE GRANITES 

i n  t e n t h s  2 3  

P r e  - 
Cambrian 

33.42 
7.51 
0.29 
0.14 
2 .22  

- 1 Element 

K 
Na 
C a  

P 
Mg 

Post-  A l l  
Cambrian Periods 

32.82 33.05 
7.99 7.72 
0.20 0.23 
0.08 0.09 
2.44 2.39 

- 

3.76 
2.42 
1 . 4 1  
0.36 
0.04 

- 

Element 1 3.44 
2.61 
1.44 

0.66 0.54 
0.08 0.12 ___ 

S i  
A 1  
T i  
Mn 
Fe 

Table 2 l i s t s  t h e  content  o f  i nd iv idua l  elements obtained by convert ing 

the  percentage con ten t  of oxides according t o  the  atomic weight of t he  e l e -  

ments. By comparing the  percentage content of elements by g r a n i t e  age groups 

i t  is  p o s s i b l e  t o  draw conclusions regarding t h e  d i r e c t i v i t y  of  t h e i r  content 

change i n  rocks of d i f f e r e n t  age. 

l ed  t o  the  following f i n d i n g s .  

Such a comparative a n a l y s i s  by age groups 

Potassium. The average potassium content  i n  the pre-Cambrian g r a n i t e s  i s  

0.46% h ighe r  than i n  t h e  post-Cambrian; i t s  average content  i n  t h e  "all  

per iods"  g r a n i t e  group i s  3.44%. Therefore ,  t he  potassium content  r evea l s  a 

d e f i n i t e  tendency t o  decrease along with t h e  age of  t h e  rocks.  

Sodium. The average sodium content  i n  t h e  pre-Cambrian g r a n i t e s  i s  0.0490 

lower than i n  the  post-Cambrian; i t s  average content i n  t h e  "all  per iods"  

group i s  2.61%. There i s  a c l e a r  tendency f o r  t h e  sodium content  t o  r ise  as 

the  geological  age of t h e  group dec reases ,  t h a t  i s ,  a tendency markedly i n  

opposi t ion t o  t h e  behavior  of potassium1. 

i n  potassium and sodium content  have been e s t a b l i s h e d  i n  t h e  c l ays  of t h e  
Russian Platform.  There has been discovered,  a g radua l ,  more-than-two-fold 
decrease i n  t h e  c l a y  potassium content  and some sodium i n c r e a s e  moving upward 
along t h e  l i t h o g r a p h i c  
t o  young t e r t i a r y  c l ays  [7]. Ev iden t ly ,  t h e  causes r e spons ib l e  f o r  t h e  d e f i -  
n i t e  age - re l a t ed  d i r e c t i v i t y  i n  the  change i n  t h e  potassium and sodium content  
i n  t h e  g r a n i t e s  and t h e  d i r e c t i o n a l l y  analogous changes of t h e s e  elements i n  
l i t h o g r a p h i c  r eco rd  o f  c l a y s  o f  t he  Russian Platform are t h e  r e s u l t  of gene ra l  
evolut ionary tendencies  i n  t h e  material composition of t h e  E a r t h ' s  c r u s t .  

-__-  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  similar c o n t r a s t i n g  tendencies  and v a r i a t i o n s  

s e c t i o n  of t h e  s c a l e ,  t h a t  i s ,  from anc ien t  Riphean ( s i n i c )  
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Calcium. The average calcium content  i n  t h e  post-Cambrian g r a n i t e s  i s  

0.18% h ighe r  than i n  t h e  pre-Cambrian, with t h e  average content i n  t h e  general  

group a t  1.44%. What i s  revealed i s  an ev iden t  tendency toward a g r e a t e r  

calcium content i n  t h e  g r a n i t e s  as t h e i r  geo log ica l  age dec reases .  

Magnesium. The magnesium content  i n  t h e  pre-Cambrian g r a n i t e s  i s  approxi- 

mately 50% of t h a t  found i n  the  post-Cambrian group ( t h e  abso lu te  f i g u r e s  are,  

r e s p e c t i v e l y ,  0.36% and 0 . 6 6 % ) .  

same as  t h a t  o f  calcium: t h e  content  i n c r e a s e s  as t h e  age dec reases .  

The gene ra l  tendency of magnesium i s  t h e  

Phosphorous. The phosphorous content  i n  t h e  pre-Cambrian g r a n i t e s  i s  

about 25% of i t s  va lue  i n  t h e  post-Cambrian group. The o v e r a l l  tendency i s  

toward a considerable  inc rease  i n  t h e  phosphorous content  with dec l in ing  

geological  age.  

S i l i c o n .  The s i l i c o n  content  i n  the  pre-Cambrian group i s  0 . 6 %  higher  

than i n  t h e  post-Cambrian g r a n i t e s .  The tendency i s  toward a lower s i l i c o n  

content  as t h e  age of  t he  g r a n i t e s  dec reases .  

Aluminum. The aluminum content  i n  t h e  post-Cambrian g r a n i t e s  i s  0.48% 

h ighe r  than i n  t h e  post-Cambrian; i n  the  gene ra l  group i t  equals  7 . 7 2 % .  This 

p o i n t s  t o  a tendency t o  i n c r e a s e  as the age o f  t h e  g r a n i t e s  f a l l s  o f f .  

Titanium. The t i t a n i u m  content  i n  t h e  pre-Cambrian g r a n i t e s  i s  0.09% 

h ighe r  than i n  the  post-Cambrian; i n  t h e  gene ra l  group t h e  average content 

i s  0 . 2 3 % .  There i s  a r a t h e r  c l e a r  tendency toward dec reas ing  t i t an ium with - / 2 7  
younger geo log ica l  age of t he  g r a n i t e s .  

Manganese. The manganese content i n  t h e  pre-Cambrian g r a n i t e s  i s  0.14%, 

while i n  t h e  post-Cambrian i t  equals  0 .08%,  t h e  f i g u r e  being 0.09% i n  t h e  

gene ra l  group. Manganese content  i n  t h e  g r a n i t e s  f a l l s  o f f  as t h e  geo log ica l  

age decreases;  i n  a l l  l i ke l ihood ,  t h e  g r a n i t e s  c l o s e s t  t o  t he  mean value i n  

manganese content w i l l  be t h e  pa l eozo ic .  

~ I ron .  The i r o n  content  i n  the  pre-Cambrian g r a n i t e s  i s  2 . 2 2 % ,  i n  t he  

post-Cambrian 2.44%, with an average value f o r  a l l  p e r i o d s  o f  2 .39%.  

i s  a pronounced tendency toward inc reased  i r o n  content  as t h e  age decreases ,  

with t h e  necessary observat ion t h a t  i n  the general  group t h e  i r o n  content  

occupies an average p o s i t i o n  between the  age group va lues ,  a p o i n t  which (as i n  

There 
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t h e  case of  t he  o t h e r  elements save sodium) se rves  as a r e l i a b i l i t y  c r i t e r i o n  

f o r  t h e  average content  o f  t h e  g r a n i t e s  we have c i t e d .  

From these  d a t a  it w i l l  be c l e a r  t h a t  t h e  tendency toward change on t h e  

p a r t  of t h e  content  of t h e  va r ious  elements i s  of d i f f e r i n g  d i r e c t i o n a l i t y .  

What i s  found i s  t h a t  as t h e  age of  t h e  g r a n i t e s  s i n k s ,  t h e  pe rcen t  content  o f  

potassium, s i l i c o n ,  t i t a n i u m ,  and manganese f a l l s  o f f ,  while  t h a t  of  sodium, 

calcium, magnesium, phosphorous, aluminum, and i r o n  i n c r e a s e s .  

The tendency toward change i n  t h e  content  of t h e  i n d i v i d u a l  elements i s  

we l l  expressed by the  q u a n t i t y  desc r ib ing  t h e  r a t i o  of  t h e i r  content  i n  t h e  

pre-Cambrian g r a n i t e s  t o  t h e  content  i n  t h e  post-Cambrian. 

i n  ques t ion  t h i s  r a t i o  i s  as fo l lows :  

For the  elements 

K Na C a  Mg P S i  A 1  T i  Mn F e  

1 . 1 4  0.98 0.88 0.54 0.36 1 . 0 2  0.94 1.45 1.75 0.91 

Based on t h i s  s e r i e s  of f i g u r e s  i t  i s  p o s s i b l e  t o  judge the  degree of aging 

change i n  t h e  content of  t h e  i n d i v i d u a l  elements.  

content f a l l s  o f f  with decreasing age t h e  r a t i o  w i l l  be g r e a t e r  than u n i t y ,  

and, conversely,  €or t hose  whose content  i n c r e a s e s  with a r educ t ion  i n  geo- 

l o g i c a l  age i t  w i l l  be smaller than u n i t y .  

For t h e  elements whose 

I t  i s  of i n t e r e s t  t o  no te  t h a t  t h e  tendency discovered i n  the  age - re l a t ed  /28 
evo lu t ion  of t h e  m a t e r i a l  composition of t h e  g r a n i t e s  i s  i n  e x c e l l e n t  agreement 

with the  theory of t h e  melt ing out  of  l i g h t  elements from the  upper p o r t i o n  of 

t h e  mantle [31]. 

t h e  hea t  r e l e a s e d  during r a d i o a c t i v e  decay, t he  upper p o r t i o n  of t h e  mantle i s  

p a r t i a l l y  melted and gives  r i s e  t o  a s e p a r a t i o n  of elements.  

p r e s s u r e s  and temperatures e x i s t i n g  h e r e ,  c e r t a i n  e lements ,  forming s t a b l e  

minerals ,  remain i n  t h e  dep ths ,  while o t h e r s ,  transformed t o  a semil iquid 

s t a t e ,  r i s e  upward. These components, having r i s e n  upward a f te r  s e p a r a t i o n ,  

r e c r y s t a l l i z e  n e a r  t h e  s u r f a c e  i n t o  new mineral  forms whose d e n s i t y  i s  less 

than t h a t  of t h e  minerals  which o r i g i n a l l y  contained these  same elements and 

which were loca ted ,  p r i o r  t o  s e p a r a t i o n ,  a t  g r e a t e r  dep ths .  In  t h i s  manner, 

sodium, calcium, aluminum, and s i l i c o n ,  combining with oxygen, form a com- 

p a r a t i v e l y  l i g h t  f e l d s p a r  i n  t h e  c r u s t  zone n e a r  t h e  s u r f a c e .  

According t o  t h i s  hypo thes i s ,  with i n s u f f i c i e n t  removal of 

Given the high 
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I n  l i n e  wi th  t h i s  hypothes is ,  i n  t h e  course of  t i m e  t he  sodium, calcium, 

and aluminum reach t h e  c r u s t  from t h e  mantle,  corresponding t o  t h e  r e s u l t s  

c i t e d  above f o r  t h e  ag ing  a n a l y s i s  o f  t h e  g r a n i t e s ;  apparent ly ,  with r e s p e c t  
t o  s i l i c o n  t h i s  process  i s  o f  minor s i g n i f i c a n c e .  

O f  g r e a t  importance toward an understanding o f  t h e  laws governing t h e  

s p a t i a l  d i s t r i b u t i o n  of magmatism products  a r e  t h e  d a t a  on t h e  disseminat ion 

of  magmatic rocks f o r  i n d i v i d u a l  reg ions  o f  t h e  t e r r i t o r y  of  t h e  USSR and 

on t h e  c o r r e l a t i o n  of c e r t a i n  rock types wi th in  these  r eg ions .  

a r e  t o  be found i n  t h e  d e f i n i t i v e  work of S .  P .  Solov 'yev [32].  Because of 

t h e  importance of  t h i s  in format ion  t o  a proper  comprehension o f  t h e  magmatism 

phenomenon , t h e  p e r t i n e n t  d a t a  a re  summarized concise ly  below. 

These d a t a  

In  t h e i r  overwhelming ma jo r i ty ,  i n t r u s i v e  magmatic rocks wi th in  the  

t e r r i t o r y  of  t he  Sovie t  Union a re  represented  by g r a n i t o i d s .  

emersion of ac id  i n t r u s i v e  rocks i s  almost 19 t imes g r e a t e r  than t h e  emersion 

a reas  of a l l  t h e  o t h e r  i n t r u s i o n s  taken  t o g e t h e r .  The r a t i o  of ac id  t o  b a s i c  

rocks f o r  t he  e n t i r e  USSR i s  2 2 : 1 ,  al though f o r  i n d i v i d u a l  reg ions  -- f o r  

example, t h e  Urals  -- i t  i s  1 . 4 : l .  

The a reas  of 

Among t h e  ac id  rocks g r a n i t e s  do not  always predominate.  Acid i n t r u s i o n s  

Basic and u l t r a b a s i c  i n t r u s i v e  a re  by no means uniformly d i s t r i b u t e d  i n  t i m e .  

rocks a r e  a l s o  d i s t r i b u t e d  i n  the  USSR i n  an extremely nonuniform manner. I n  /29 
t h e  Ura ls ,  as compared t o  any o the r  reg ion  o f  t h e  USSR, they occupy more 

considerable  a r e a s .  The ra t i .0  of ac id  t o  a l k a l i  i n t r u s i o n s  s t ands  a t  1 2 2 : l .  

Alka l i  i n t r u s i v e  rocks account f o r  only 0 . 4 %  of t h e  a r e a  o f  a l l  o the r  magmatic 

rocks .  

Among t h e  e f f u s i v e  rocks , i n  most regions b a s i c  v a r i e t i e s  predominate.  

The r a t i o  of a c i d  and b a s i c  e f f u s i v e  rocks i s  no less than 1:s. The b a s i c  

e f f u s i v e  rocks a r e  represented  p r imar i ly  by t h e  b a s a l t s  , which a re  widely 

developed i n  t h e  e a s t e r n  reaches of t h e  USSR and i n  t h e  eaucasus,  comprising 

here  more than 60% of  t h e  a r e a  of  a l l  o the r  magmatic rocks .  

Th.e r a t i o  of i n t r u s i v e  and e f f u s i v e  rock a r e a s :  f o r  t h e  Ukraine 1:80; 

i n  t h e  young reg ions  ( f o r  example, t h e  Caucasus and t h e  Far Eas t )  t he  a r e a  of 
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e f f u s i v e  rocks predominates over  t h a t  of t h e  i n t r u s i v e .  I n  t h e  Caucasus t h e  

r a t i o  of  e f f u s i v e  t o  i n t r u s i o n s  s t ands  at  2 : 1 ,  and i n  t h e  F a r  Eas t  3 . 3 : l .  

Note t h a t  even wi th in  t h e  same pe r iod  t h e  processes  o f  m a g m a t i s m  e x h i b i t  

a p rogres s ive  evo lu t iona ry  development. I n  r e c e n t  gene ra t ions  s u b s t a n t i a t i o n  

has  been found f o r  t h e  view of magma complexes and magma formations as 

n a t u r a l - h i s t o r i c  a s s o c i a t i o n s  of rocks .  According t o  t h i s  view, on t h e  pa th  

from p l u t o n i c  i n t r u s i o n s  t o  vo lcan ic  and subvolcanic  ( inc lud ing  a l s o  plutono- 

volcanic)  a s s o c i a t i o n s ,  f o r  each region a number of f a c i e s  can be d i sc r imi -  

na t ed  wi th in  t h e  condi t ions o f  which s p e c i f i c  magmatic massifs are formed, 

accompanied by metasomatic formations and corresponding t o  t h e  phases of t h e  

deep-lying magmatic source [33 ] .  A t  the  same t ime,  i n  t h e  opinion of Yu. A .  

Kuznetsov, t h e  rock a s s o c i a t i o n  i s  t o  a l a rge  degree determined by the  type 

and development s t a g e  of t h e  geo tec ton ic  s t r u c t u r e . .  . [34]. G .  D .  Afanas'yev 

b e l i e v e s  t h a t  any fo lded  r eg ion  has behind i t  a complex h i s t o r y  of tectono-  

magmatic evo lu t ion .  In a gene ra l  case t h e  contemporary appearance of t h e  

folded a rea  r e p r e s e n t s  a r e g u l a r  a s s o c i a t i o n  of s t r u c t u r o - f a c i a l  zones and 

subzones with which a r e  coordinated concrete  formations of magmatic complexes 

of d i f f e r e n t  age [35].  I t  i s  no t  without  i n t e r e s t ,  i n  t h i s  connection, t o  

observe t h a t  even i n t r u s i o n s  of i d e n t i c a l  age and type a r e  accompanied by 

d i f f e r e n t  mine ra l i za t ion  depending on t h e i r  d i s p o s i t i o n  i n  d i f f e r e n t  s t r u c t u r o -  

f a c i a l  zones [36 ] ,  and t h a t  t h e r e  e x i s t s  a causal  nexus between d i f f e r e n t  

i n t r u s i v e  rocks and t h e  d i f f e r e n t i a t i o n  of  t h e  melt  a t  t h e  magmatic focus and 

the  processes  whereby t h e  magma i s  a s s imi l a t ed  by t h e  enc los ing  rocks [36a] .  

/30 

The d a t a  c i t e d  above on t h e  age - re l a t ed  evo lu t ion  of  t h e  g r a n i t e s  and t h e  

d i s t r i b u t i o n  of  magmatic rocks wi th in  t h e  t e r r i t o r y  of t he  Sov ie t  Union support  

t h e  conclusion t h a t  magmatic rocks and t h e i r  complexes a r e  n o t  merely forma- 

t i o n s  of a d e f i n i t e  material composition i n  t h e  l i t h o s p h e r e ,  bu t  a l s o  t h e  

products o f  i t s  n a t u r a l - h i s t o r i c a l  development which have undergone a l t e r -  

a t i o n s  i n  composition and s t r u c t u r e  i n  l i n e  with t h e  gene ra l  development of 

t he  E a r t h ' s  c r u s t  and t h e  evo lu t ion  of  i t s  m a t e r i a l  composition. 

From these  s ta tements  it is  clear t h a t  t he  f r e s h  d a t a  which have come t o  

l i g h t  i n  va r ious  Ea r th  sc i ence  d i s c i p l i n e s  s u b s t a n t i a t e  t h e  p rogres s ive  
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c h a r a c t e r  of  geo log ica l  processes  and t h e  emergence of new laws during t h e  

course of t h e i r  evo lu t ion ,  with these  laws i n  agreement with t h e  d i a l e c t i c a l  

m a t e r i a l i s t  view of t h e  course and development of n a t u r a l  processes  and 

phenomena. 

3 .  Causes and Fac to r s  Responsible f o r  t h e  Progressive Evolution of  the E a r t h ' s  . - - - - - . . . . . . -~ . . .  ~ . . .  

Crust and t h e  Emergence o f  New L a w s  i n  t h e  Course o f  I ts  -. Development-- . 
. .  . - .  . _ _ _ ~ _ _ _  

In o rde r  t o  understand the  causes and f a c t o r s  r e spons ib l e  f o r  t he  pro- 

g re s s ive  evo lu t iona ry  course of geological  p rocesses ,  bea r ing  i n  mind he re  a l l  

t hose  processes  and f o r c e s  of  na tu re  through the  i n s t r u m e n t a l i t y  of which the  

formation of t h e  t e r r e s t r i a l  c r u s t  has taken p l a c e ,  one must proceed t o  t h e  

cons ide ra t ion ,  i n  a broader  con tex t ,  of the problem o f  how the  b a s i c  fo rces  

of  na tu re  a r e  d i sp l ayed  and o p e r a t e ,  

I t  would appear t h a t  w e  have s u f f i c i e n t  b a s i s  f o r  an examination of t h i s  

kind s i n c e  t h e  ch ie f  o b j e c t  of t he  s tudy of geology - -  t h e  E a r t h ' s  c r u s t  - -  

c a r r i e s  within i t  t h e  information required t o  shed l i g h t  on t h i s  problem. 

Perhaps t o  a g r e a t e r  degree than the o t h e r  n a t u r a l  s c i e n c e s ,  geology has  a t  

i t s  d i s p o s a l  f a c t s  capable of  i l l u m i n a t i n g  t h e  ques t ion  o f  t h e  c h a r a c t e r ,  

man i fe s t a t ion ,  and ope ra t ion  of  those fundamental f o r c e s  of n a t u r e  under t h e  

e f f e c t  of which t h e  E a r t h ' s  c r u s t  has been formed, t h a t  same c r u s t  which i n  

i t s  s t r u c t u r e  and evo lu t ion  p o r t r a y s  the  func t ion ing  of  t hese  f o r c e s  and 

which, thus f a r  a t  l e a s t ,  i s  t h e  s o l e  c e l e s t i a l  body a c c e s s i b l e  on a wide 

s c a l e  t o  immediate s t u d y .  

I n  p o i n t  of  f a c t ,  t h e  geological  formations p r e s e n t  i n  t h e  composition of 

t h e  t e r r e s t r i a l  c r u s t  a rose  and were formed dur ing  t h e  evo lu t ion  o f  t he  Ea r th  

i t s e l f .  

of yea r s  and a r e  commensurate i n  time with t h e  du ra t ion  of  t he  l i f e  of t h e  

p l a n e t s  and s tars  of t h e  Universe.  These geo log ica l  formations c a r r y  i n f o r -  

mation on t h e  cond i t ions  and sequence of t h e i r  own o r i g i n a t i o n  and c o n s t i t u t e  

a source of knowledge r ega rd ing  t h e  evo lu t ion  of t e r r e s t r i a l  ma t t e r  and the  

cond i t ions  underlying the genesis  and development of  l i f e  on Ea r th .  They a r e  

l ikewise a source of understanding of t h e  n a t u r a l  laws governing the  develop- 

ment of our p l a n e t ,  t h e  formation of i t s  s t r u c t u r e ,  and, i n  p a r t i c u l a r ,  t h e  

A s i g n i f i c a n t  p o r t i o n  of  t hese  formations have e x i s t e d  f o r  b i l l i o n s  



establ ishment  of i t s  c r u s t ,  providing a b a s i s  f o r  conclusions as t o  the  

v a r i a b i l i t y  of t hese  laws i n  the  course o f  t ime. 

Above a l l ,  geo log ica l  formations allow us t o  judge t h e  c h a r a c t e r  of t hose  

laws under whose in f luence  these  formations came t o  l i g h t .  They p r e s e n t  t h e  

s tuden t  with f a c t u a l  m a t e r i a l  t o  determine t o  what degree the  p r i n c i p l e  of  

actual ism may Se v a l i d .  

The i d e a  t h a t  contemporary processes  occurr ing on t h e  Earth are t h e  key 

t o  an understanding of i t s  p a s t  can be t r a c e d  back t o  very remote times. I n  

t h e  p a s t  century t h i s  motion was f o r c e f u l l y  expressed i n  t h e  works of Ch. 

Lysle,  i n  whose nLndmentaZs of GeoZogy t h e  thought i s  advanced t h a t  t he  

a c t i o n  of those laws of na tu re  which can be observed a t  the p r e s e n t  time i s  

s u f f i c i e n t  t o  exp la in  a l l  previous phenomena which have t r a n s p i r e d  on the  

Ea r th .  

"Many phenomena," writes Lysle ,  "which f o r  a long t ime were considered 

proof of  some myster ious,  unusual ly  ope ra t ive  cause have been f i n a l l y  recog- 

nized as the  necessary consequence of laws which p r e s e n t l y  govern t h e  material  

wor ld . .  .; i n  t h e  course of those c e n t u r i e s  which a r e  contemplated by geology 

t h e r e  has  been no i n t e r r u p t i o n  i n  t h e  a c t i v i t y .  of t h e  same constant  laws of 

change'' [ 3 7 ,  p .  691. 

Assessing t h e  works of  Lysle,  Engels noted: "Lysle alone has introduced 

common sense i n t o  geology, r ep lac ing  t h e  sudden cap r i ces  of some revo lu t ion -  

i z i n g  agent with t h e  constant  ac t ion  of t h e  slow transformation of t h e  E a r t h . .  . 
The def ic iency of  L y s l e ' s  view i s  h i s  b e l i e f  t h a t  t h e  f o r c e s  ope ra t ive  on t h e  /32 
Earth a r e  constant  ..." [ 3 8 ,  p .  121 .  

A s  i n d i c a t e d  above, the actual ism p r i n c i p l e  cont inues t o  draw the a t t e n -  

t i o n  of s c h o l a r s .  

actual ism p r i n c i p l e  i s  a p a r t i c u l a r  expression of a broader  view of t h e  

immutabili ty of n a t u r a l  laws i n  gene ra l .  Such views a r e  widely h e l d  i n  t h e  

modern n a t u r a l  s c i e n c e s .  

This may be explained,  i n  our  opinion, by t h e  fac t  t ha t  t h e  

A t  t h e  p re sen t  day, even among those  scholars .  who adhere t o  m a t e r i a l i s t  

p o s i t i o n s  and acknowledge t h e  o b j e c t i v e  e x i s t e n c e  o f  n a t u r a l  l a w ,  a v a r i e t y  
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o f  t h e o r i e s  are e n t e r t a i n e d  regarding t h e  n a t u r e  of  t h e  a c t i o n  of  t h e s e  laws. 

O f  paramount i n t e r e s t  among them are two fundamental p o i n t s  o f  view. 

According t o  one of t h e s e  two viewpoints ,  t h e  laws of n a t u r e  I ! . .  . r ecu r  

with i d e n t i c a l  p r e c i s i o n  and i n e v i t a b i l i t y  both on t h e  Earth and i n  the  

Universe" [39,  p .  1 2 1 .  

s i t u a t e d  even i n  t h e  remotest  nebulae are t h e  same as on ou r  p l a n e t  Earth" 

[40, p .  41. 
n a t u r e  i s  i n  a s t a t e  of constant  change and evo lu t ion ,  t h e  laws of  thi-s 

evolut ion s u f f e r  no change and were t h e  same b i l l i o n s  o f  yea r s  ago as they a r e  

today" [40, p .  41 - 

And "the laws .governing t h e s e  occurrences on worlds 

The immutabi l i ty  o f  t h e s e  laws i n  t i m e  i s  a l s o  affirmed: "Although 

According t o  t h e  o t h e r  view, t h e  laws o f  n a t u r e ,  as a l s o  t h e  s p e c i f i c  forms 

o f  t h e  movement of ma t t e r ,  a r e  t r a n s i e n t ,  r e l a t i v e ,  h i s t o r i c a l l y  and l o c a l l y  

circumscribed. This p o s i t i o n  has been b r i l l i a n t l y  expounded i n  an i n t e r e s t i n g  

work by V .  I .  Sv ide r sk iy ,  "LXaZekticheskiy materiaZizm ob obshchikh Svoystvakh 

Dvizhushcheysya Materii [ D i a l e c t i c a l  Mater ia l ism on t h e  General P r o p e r t i e s  of  

Moving Matter]  . Svide r sk iy  w r i t e s  : "Recognizing t h e  r e l a t i v i t y ,  t h e  circum- 

s c r i b e d  and t r a n s i e n t  c h a r a c t e r  o f  t h e  s p e c i f i c  forms i n  t h e  movement of ma t t e r ,  

we must a l s o  r ega rd  as r e l a t i v e  t h e  s p e c i f i c  laws o f  t h i s  movement as w e l l .  I t  

i s  o f  t h i s  n a t u r e  - -  r e l a t i v e ,  h i s t o r i c a l l y  and l o c a l l y  l i m i t e d  - -  t h a t  we a r e  

t o  consider  t h e  phys ica l  laws (not t o  mention t h e  laws o f  o rgan ic  n a t u r e ,  psychic  

processes ,  o r  s o c i a l  phenomena), such as, f o r  example, t h e  mechanical, t h e  t h e r -  

modynamic, t he  electromagnet ic ,  t he  g r a v i t a t i o n a l ,  and t h e  r e s t .  There can 

consequently be no a b s o l u t e ,  un ive r sa l  phys i ca l  l a w ,  whether i t  be t h e  law of 

g r a v i t a t i o n ,  t h e  law of i n c r e a s i n g  entropy,  t h e  law o f  t h e  u n i t y  o f  chcriiical 

composition, o r  any o the r "  [41, p .  151. 

/33 

I t  would seem t h a t  i n  consider ing t h e  ope ra t ion  of t h e  laws of n a t u r e ,  i t  

i s  e s s e n t i a l  t o  take i n t o  account t h e i r  spheres  of  i n f luence  and i n t e r r e l a t e d -  

nes s ,  along with t h e  consequences which flow from t h e i r  i n t e r a c t i o n .  The 

a v a i l a b l e  d a t a  on n a t u r a l  laws i n d i c a t e  t h a t  i n  t h e  u n i v e r s a l i t y  of t h e i r  

manifestat ion and ope ra t ion  t h e s e  laws a r e  d i f f e r e n t :  c e r t a i n  of them a r e  

more un ive r sa l  and cons t an t ,  o the r s  l e s s ,  and t h e r e  i s  no b a s i s  f o r  be l i ev ing  

t h a t  t h e i r  e f f e c t  i s  i d e n t i c a l l y  manifested on a l l  t h e  bodies of  t h e  cosmos 
and everywhere throughout t h e  Universe through a l l  of  i t s  ex i s t ence .  There i s  
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equa l ly  no b a s i s  f o r  t h e  a s s e r t i o n  t h a t  such laws, t o  t h e  same degree as 

t h e  s p e c i f i c  forms i n  t h e  movement of  m a t t e r ,  are l i m i t e d  i n  space and i n  

t i m e .  

I n  r e a l i t y ,  some laws o f  n a t u r e  are of l i m i t e d  e f f e c t  and are manifested 

only i n  s p e c i f i c  forms of  matter and i n  s p e c i f i c  forms of i t s  movement, and 

they a r e  j u s t  as t r a n s i e n t  as those  very material forms t o  which t h e  mani- 

f e s t a t i o n  of  t h e s e  laws is  p rope r .  Among t h e s e  laws are: t h e  laws of  mineral  

formation, of rock d i s t r i b u t i o n  i n  t h e  Ea r th ’ s  c r u s t ,  and numerous o the r s  -- 
t h a t  i s ,  a l l  those laws whose appearance i s  l imi t ed  by s p e c i f i c  condi t ions o r  

by a d e f i n i t e  material composition. Other laws are more u n i v e r s a l  and con- 

s t a n t ,  being proper t o  a wider range of  forms i n  t h e  movement of ma t t e r  

within t h e  Universe, and t h e s e  might include t h e  laws of g r a v i t a t i o n ,  and t o  a 

l e s s e r  degree those of  magnetism and of  nuc lea r  f o r c e s .  

departure  what i s  already known concerning the  man i fe s t a t ion  and e f f e c t  of 

n a t u r a l  laws on t h e  i n d i v i d u a l  p l a n e t s ,  one cannot f a i l  t o  conclude t h a t  

t hese  laws vary on d i f f e r e n t  c e l e s t i a l  bodies .  

of t h e i r  man i fe s t a t ion  and ope ra t ion .  

Using as  a p o i n t  of  

Consider b r i e f l y  t h e  na tu re  

Law of  g r a v i t y  and i t s  ope ra t ion .  The co r rec tness  of Newton’s l a w  of 

g r a v i t y  has  been confirmed, as we a l l  know, by cen tu r i e s  of observat ion and by 

t h e  p r a c t i c a l  computation o f  t h e  o r b i t s  o f  bodies and the  p o s s i b i l i t y ,  on t h e  

b a s i s  of  t h i s  law, of  accu ra t e ly  p r e d i c t i n g ,  f o r  any preassigned moment of  

t ime, t h e  r e l a t i v e  p o s i t i o n s  of c e l e s t i a l  bodies i n  space.  

Although it  i s  d i f f i c u l t  t o  imagine t h a t  t h e r e  i s  somewhere i n  t h e  

m a t e r i a l  world of t h e  Universe a l i n e  o r  p o i n t  beyond which the  law of g r a v i -  /34 
t a t i o n  does no t  apply,  s t i l l  t h e  h i s t o r y  of  our  understanding of t h e  surround- 

ing world does i n d i c a t e  t h a t  our  knowledge i s  r e l a t i v e  and t h a t  o f t e n  unex- 

pected modif icat ions a r e  made of  f i rmly  e s t a b l i s h e d  concepts as a r e s u l t  of  

newly discovered phenomena. 

following t h e  discovery of  i t s  dual na tu re  ( p a r t i c l e  and wave); with t h e  

law of  inc reas ing  entropy because of i t s  i n a p p l i c a b i l i t y  t o  l i v i n g  forms of  

matter; with t h e  laws of c l a s s i c a l  mechanics when it became known t h a t  they 

do not  apply t o  t h e  m i c r o p a r t i c l e  world; and with o t h e r s .  

Th i s  ‘was the  case with the  behavior of  l i g h t  

Thus, although by 
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a l l  d a t a  t h e  l a w  of g r a v i t a t i o n  seems u n i v e r s a l ,  n e v e r t h e l e s s ,  s i n c e  it has 

been empi r i ca l ly  e s t a b l i s h e d ,  new phenomena r e v e a l i n g  i t s  l imitedness  may y e t  

be unearthed.  

While acknowledging t h e  u n i v e r s a l i t y  of  t h e  law o f  g r a v i t a t i o n ,  w e  i n  no 

way support  t he  view t h a t  i t s  ope ra t ion  i s  i d e n t i c a l l y  manifested everywhere 

i n  t h e  Universe and on a l l  t h e  p l a n e t s ,  i nc lud ing  t h e  Ea r th .  A s  evidenced 

by f a c t u a l  d a t a ,  t h e  e f f e c t  o f  t h e  g r a v i t a t i o n a l  law i s  expressed i n  var ious 

ways on d i f f e r e n t  c e l e s t i a l  bodies  and leads t o  very d i f f e r e n t  r e s u l t s .  

The d i f f e r e n c e  i n  t h e  man i fe s t a t ion  of t h e  o p e r a t i v e  l a w  o f  g r a v i t y  on 

t h e  p l a n e t s  has had a decided e f f e c t  on t h e  h i s t o r y  of  t h e i r  evo lu t ion ,  on 

t h e  formation of  t h e i r  s t r u c t u r e  and composition, and on t h e  c r e a t i o n  of 

condi t ions under which the  emergence and development of l i f e  and t h e  o r i g i -  

n a t i o n  of a number of  o t h e r  p l a n e t a r y  p e c u l i a r i t i e s  has  become poss ib l e  (or 

impossible) .  

i nd iv idua l  d i s t i n c t i o n s  on c e l e s t i a l  bod ie s ,  even those  i n t e r r e l a t e d  by common 

o r i g i n ,  was the magnitude o f  t h e  mass of  the  body i tself  -- something t h a t  can 

be very g raph ica l ly  apprec i a t ed  i n  t h e  s t r u c t u r a l  and evo lu t iona ry  p e c u l i a r -  

i t i e s  of the Earth and Moon. 

O f  g r e a t  importance t o  the  o r i g i n a t i o n  and formation of 

Thus, t h e  very magnitude of t h e  E a r t h ' s  mas(s, which has been r e spons ib l e  

f o r  i t s  f o r c e  of a t t r a c t i o n  and t h e  development around it  of  a d e f i n i t e  

g r a v i t a t i o n a l  f i e l d ,  has  been of d e c i s i v e  s i g n i f i c a n c e  i n  the  formation of  i t s  

acqueous and atmospheric envelopes with t h e i r  c o l o s s a l  e f f e c t  on t h e  course of 

t h e  processes  and phenomena which come t o  term under the  in f luence  of water 

and atmosphere and under t h e  e f f e c t  of which geo log ica l  formations came i n t o  

being,  t e r r e s t r i a l  matter w a s  developed, t he  vege tab le  and animal world on t h e  

Ea r th  sprang up and evolved. 

/ 35 A v i v i d  example of another s p e c i f i c  e f f e c t  of t h e  law of  g r a v i t a t i o n  i s  - 
of fe red  by t h e  Moon. Because of i t s  r e l a t i v e l y  low mass, t h e  Moon's f i e l d  of 

a t t r a c t i o n  was inadequate t o  r e t a i n  t h e  gases which appeared on i t s  s u r f a c e .  

For t h i s  same reason,  no water  envelope developed on t h e  Moon. I t  was t h i s  

absence of atmosphere and water on t h e  Moon which determined t h e  unique 

cha rac t e r  of the rock d i s i n t e g r a t i o n  processes  on t h e  l u n a r  s u r f a c e .  I n  t h e  
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absence of atmosphere t h e  luna r  s u r f a c e  has been s e v e r e l y  hea ted  by day and 

r a p i d l y  cooled a t  n i g h t ,  promoting i n t e n s i v e  d i s i n t e g r a t i o n  of  rocks and t h e  

formation on t h e  su r face  of unique d i s i n t e g r a t i o n  products  q u i t e  u n l i k e  t h e  

geological  formations of t h e  Ea r th .  The Moon a l s o  l acks  a l l  t hose  processes  

and phenomena which a r e  l inked t o  t h e  l i f e  and a c t i v i t y  of  organisms. The 

absence of an atmosphere has  l i k e w i s e  had a s u b s t a n t i a l  bea r ing  on t h e  e f f e c t  

of me teo r i t e s  on the  l u n a r  s u r f a c e .  Under t e r r e s t r i a l  cond i t ions ,  m e t e o r i t e s ,  

as they approach t h e  E a r t h ' s  hard s u r f a c e  , encounter an atmospheric envelope , 
a r e  i n t e n s e l y  heated by f r i c t i o n ,  and t h e i r  matter i s  vaporized.  This process  

r e s u l t s  i n  many of them be ing  converted t o  vapors and gases s o  t h a t  i n  the  

s o l i d  s t a t e  they do not  reach t h e  E a r t h ' s  s u r f a c e  a t  a l l .  On t h e  Moon, on t h e  

o the r  hand, t h e r e  i s  nothing t o  prevent  t h e  me teo r i t e s  from impacting. 

In t h i s  way, t h e  s p e c i f i c  man i fe s t a t ion  of t h e  law of  g r a v i t a t i o n  on t h e  

Earth and on t h e  Moon i s  d i f f e r e n t .  There i s  no doubt bu t  t h a t  i t  i s  a l s o  

d i f f e r e n t  on t h e  o t h e r  c e l e s t i a l  bodies as  w e l l ,  s i n c e  t h e i r  masses, t o o ,  a r e  

d i f f e r e n t .  This d i f f e r e n c e  i n  t h e  operat ion of t he  l a w  of  g r a v i t a t i o n  is  

caused both by t h e  magnitude of t h e  mass and by t h e  conjunct ion of t h e  law's 

e f f e c t  with the  o t h e r  f a c t o r s  and fo rces  ope ra t ive  under t h e  p a r t i c u l a r  con- 

d i t i o n s  appropr i a t e  t o  each i n d i v i d u a l  c e l e s t i a l  body. 

Magnetism and i t s  man i fe s t a t ions .  According t o  t h e  modern theory of 

magnetism, a l l  micro- and macro-bodies possess  magnetic moments and "in 

p r i n c i p l e  may be  sources  of  magnetism" [42 ,  p .  111, and i n  t h i s  r e s p e c t  t h e  

concept of magnetism as a "un ive r sa l  p rope r ty  of  moving m a t t e r ,  r e l a t e d  t o  

s t r u c t u r e "  f i n d s  i t s  j u s t i f i c a t i o n  [42, p .  31. 

Although a l l  bodies  may g ive  r i s e  i n  surrounding space t o  a magnetic 

f i e l d  and may be s u b j e c t  t o  t h e  e f f e c t  of  e x t e r n a l  magnetic f i e l d s ,  i n  r e a l i t y  

by no means a l l  n a t u r a l  bodies  d i s p l a y  magnetic p r o p e r t i e s .  I t  i s  a known 

f a c t  t h a t  only c e r t a i n  n a t u r a l  bodies  possess  t h e  p r o p e r t i e s  of  permanent 

magnets. I n  l i n e  with t h e  magnetism d o c t r i n e ,  t h i s  d i f f e r e n c e  i s  explained 

by t h e  f a c t  t h a t  "permanent magnets d i f f e r  from o t h e r  bod ie s  i n  t h a t  t h e  

molecular streams i n  them are o r i e n t e d  i n  an o r d e r l y  f a sh ion  and thus  provide 

a concerted magnetic effect  i n  o u t e r  space" [42, P .  51, while i n  o t h e r  

- /36 
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bodies  these  streams are c h a o t i c a l l y  d i s t r i b u t e d ,  wi th  t h e  resul t  t h a t  t h e i r  

magnetic effects are n e u t r a l i z e d  and are impercept ib le .  Therefore ,  i n  t h i s  

r e s p e c t  magnetism i s  no t  a u n i v e r s a l  p rope r ty  of matter and is  manifested 

d i f f e r e n t l y  on d i f f e r e n t  bod ie s .  

A d i f f e r e n t  man i fe s t a t ion  o f  magnetism can a l s o  be e s t a b l i s h e d  f o r  

celest ia l  bodies .  Thus, i t  was long ago determined t h a t  t h e  Ear th  on t h e  

whole possesses  magnetic p r o p e r t i e s  and genera tes  around i tself  a magnetic 

f i e l d .  For  a long time i t  was he ld  t h a t  a l l  t h e  o t h e r  p l a n e t s  exh ib i t ed  

such magnetic p r o p e r t i e s  t o  an equal  degree;  however, space-probe i n v e s t i -  

ga t ions  have shown t h a t  n e i t h e r  t h e  Moon nor  Venus have t h e  k ind  of magnetic 

f i e l d s  whose presence might have been assumed on t h e  b a s i s  o f  what i s  known 

regarding t e r r e s t r i a l  magnetism. 

Avai lable  f a c t u a l  d a t a  i n d i c a t e  t h a t  magnetism is  d isp layed  by t h e  

d i f f e r e n t  p l a n e t s  i n  va r ious  ways, and though i t  i s  s t i l l  not  known what 

causes t h i s  d i f f e r e n c e  t h e r e  i s  no ques t ion  but  t h a t  t he  presence o r  absence 

on a p l a n e t  of  a powerful e x t e r n a l  magnetic f i e l d  - -  o r  of  magnetic b e l t s  

surrounding it -- has a d i f f e r e n t  e f f e c t  on t h e  behavior  of  numerous important  

processes  and phenomena t r a n s p i r i n g  on i t ,  such as, f o r  example, t he  conduction 

of cosmic r a d i a t i o n  and i t s  dens i ty  as genera ted  d i r e c t l y  a t  t h e  p l a n e t ' s  

s u r f a c e ,  t h e  behavior  of  nuc lea r  r eac t ions  on t h e  s u r f a c e ,  t h e  p l ane ta ry  hea t  

balance,  and t h e  l i k e .  

A s  i nd ica t ed  above, even under t h e  evo lu t iona ry  condi t ions  of t he  same 

body t h e  man i fe s t a t ion  and opera t ion  of magnetism do no t  remain i d e n t i c a l ,  

bu t  undergo subs t an t ive  modif icat ions i n  the  course of t i m e ,  a p o i n t  t h a t  has  

been wel l  e s t a b l i s h e d  with r e spec t  t o  Ear th .  

Mani fes ta t ion  and ope ra t ion  of nuc lea r  f o r c e s .  Included among t h e  b a s i c  

/ 37  f o r c e s  of na tu re  such as magnetism and g r a v i t a t i o n ,  which have been long - 
known t o  man, a r e  t h e  nuc lea r  fo rces ,  of which he learned  q u i t e  r e c e n t l y ,  bu t  

which have a l ready  shown themselves t o  be a powerful n a t u r a l  fo rce  source 

whose mani fes ta t ion  and opera t ion  has an enormous e f f e c t  on na tu re  and i t s  

e n t i r e  evolu t ionary  behavior .  
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In  terms of  scale,  t h e  most important man i fe s t a t iona l  form o f  nuc lea r  

fo rces  was discovered i n  1939 (Bete) ,  when i t  was proven p o s s i b l e  t h a t  i n  t h e  

depths of  the Sun and stars a s y n t h e s i s  o f  l i g h t  atoms takes  p l a c e ,  accompanied 

by t h e  release o f  a l a r g e  amount of energy, thus providing an exp lana t ion  f o r  

how t h e  Sun and stars are a b l e  t o  d i s s i p a t e  t h e i r  energy f o r  b i l l i o n s  of  

yea r s  w i th  no n o t i c e a b l e  weakening. 

Because of t he  thermonuclear r e a c t i o n s  occurr ing wi th in  i t ,  the  Sun i s  

t h e  source of a v a r i e t y  of r a d i a t i o n s .  

i n d i c a t e  t h a t  many geophysical  phenomena a r e  caused by t h e  u l t r a v i o l e t ,  X-ray, 

and corpuscular  r a d i a t i o n  of t h e  Sun, which do no t  remain cons t an t .  

The d a t a  of  modern space physics  

The man i fe s t a t ion  of  nuc lea r  f o r c e s  i s  proper  only t o  c e r t a i n  atomic 

forms of  material e x i s t e n c e ,  and i n  t h i s  r e s p e c t  t h e  man i fe s t a t ion  and 

ope ra t ion  of t h e s e  f o r c e s  i s  no t  u n i v e r s a l  ( c f .  t h e  f o r c e s  of  g r a v i t y ) .  Norm- 

a l l y ,  t h e i r  ope ra t ion  i n  atoms remains e x t e r n a l l y  impercep t ib l e ,  being d i s -  

played only i n  i n d i v i d u a l  n u c l e i  i n  t h e  form of  r a d i o a c t i v e  decay. 

f e s t a t i o n  of t hese  f o r c e s  i n  t h e  form of the  s y n t h e s i s  of  atomic nuc le i  i s  

proper  only t o  c e r t a i n  c e l e s t i a l  bodies i n  the  s t e l l a r  s t a t e .  

The mani- 

From t h e  d a t a  c i t e d  on the  p a r t i c u l a r i t i e s  i n  t h e  man i fe s t a t ion  and oper- 

a t i o n  of  t he  f o r c e s  of  g r a v i t a t i o n ,  magnetism, and t h e  nuc lea r  f o r c e s  it w i l l  

be seen t h a t  under t h e  s p e c i f i c  condi t ions c h a r a c t e r i z i n g  t h e  ex i s t ence  of 

every c e l e s t i a l  body t h e r e  a r e  o p e r a t i v e ,  along with the working of t h e  

general  laws, p a r t i c u l a r  laws which, i n t e r a c t i n g  with t h e  former,  modify them 

and determine t h e  c h a r a c t e r  and p e c u l i a r i t i e s  of t h e  governance of t he  l o c a l  

processes  and phenomena t r a n s p i r i n g  on t h e  body i n  ques t ion  wi th in  the s p e c i f i c  

condi t ions of i t s  being.  

A s  a r e s u l t ,  dur ing t h e  e v o l u t i o n  of  t h e s e  bodies ,  and e s p e c i a l l y  of t h e  

Earth,  new laws are manifested which a re  r e spons ib l e  f o r  t h e  p rogres s ive  

'element i n  the  development of t he  processes  occurr ing on t h e  p l a n e t s  and, i n  

p a r t i c u l a r ,  t h e  h i s t o r i c o - g e o l o g i c a l  p rocess  on t h e  Ea r th .  
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PROCESSES OF RADIOACTIVE DECAY, THEIR CAUSALITY AND MEANING I N  THE 
EVOLUTION OF TERRESTRIAL MATTER AND THE FORMATION OF THE GEOTHERMAL 

FIELDS OF THE LITHOSPHERE 

1.  Causa l i t y  of t h e  Processes  of Radioactive Decay 
.~ . . _ _  . .  

The discovery of r a d i o a c t i v i t y  (1896) marked a milestone i n  t h e  under- 

s tanding of t h e  s t r u c t u r e  of matter. I t  r evea led  t h e  source o f  i n t r a -a tomic  

energy and l a i d  t h e  b a s i s  f o r  t h e  p e r s i s t e n t  s ea rch  a f t e r  ways t o  employ t h i s  

energy i n  a p r a c t i c a l  way which was t o  culminate i n  t h e  s c i e n t i f i c  su.ccesses 

of t h e  f o r t i e s  of  t h e  twen t i e th  century.  

Not only d i d  t h e  discovery of  r a d i o a c t i v i t y  usher  i n  r a d i c a l  modif icat ions 

i n  the  concept of t h e  s t r u c t u r e  of  matter, b u t  i t  a l s o  t r i g g e r e d  a v e r i t a b l e  

r evo lu t ion  i n  a l l  areas of  s c i e n t i f i c  i n q u i r y  by fundamentally changing our 

understanding of t h e  na tu re  of t h e  most important phenomena. 

I t  would seem appropr i a t e  a t  t h i s  p o i n t  t o  r e c a l l  t h e  words of  V .  I .  

Vernadskiy, who more than a ha l f - cen tu ry  ago placed high va lue  on t h e  r o l e  of 

r a d i o a c t i v e  phenomena i n  t h e  unfolding of  s c i e n t i f i c  knowledge. 

"As we p e n e t r a t e  more deeply i n t o  t h e  phenomena of  r a d i o a c t i v i t y ,  t h e i r  

s i g n i f i c a n c e  becomes more v i t a l  t o  us;  every yea r  sees t h e  discovery o f  

a l t o g e t h e r  unan t i c ipa t ed  consequences of  t h e  s tudy  of  t h e s e  e f f e c t s ,  conse- 

quences which are r a d i c a l l y  changing c e n t u r i e s - o l d ,  s c i e n t i f i c a l l y  e l abora t ed  

concepts . .  . We are approaching ever  c l o s e r  t o  a r e t h i n k i n g  and a r e s t r u c t u r -  

i ng  of  t h e  time-honored foundations of s c i e n t i f i c  knowledge" [43a, p .  5751. 

H e  wrote : 

Because of t h i s  discovery an e n t i r e l y  d i f f e r e n t  l i g h t  was shed on such 

problems as the  source o f  t e r r e s t r i a l  h e a t ,  t he  migrat ion and d i s t r i b u t i o n  of 

chemical elements,  t h e  n a t u r e  of  orogenic processes  and ear thquakes,  and o t h e r  /39 

important ques t ions  d i r e c t l y  r e l a t i n g  t o  geology and o t h e r  d i s c i p l i n e s .  
- 

However, d e s p i t e  t h e  a s ton i sh ing  achievements of  t h e  atomic physics  of 

r ecen t  decades,  c e r t a i n  widely held understandings of  t h e  process  of r ad io -  

a c t i v i t y  have been s t a l l e d  on t h e  l e v e l  of  t h e  o r i g i n a l  r e sea rch ,  when the  

atomic nucleus and t h e  f a c t o r s  a f f e c t i n g  i t s  s ta te  were s t i l l  unknown. One of 

t he  fundamental p r i n c i p l e s  underlying t h i s  concept of r a d i o a c t i v i t y  c o n s i s t s  
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i n  t h e  view t h a t  n a t u r a l  r a d i o a c t i v e  decay occurs a t  t h e  same ra te ,  which i s  

constant  f o r  each r a d i o a c t i v e  element and independent o f  i t s  e x t e r n a l  con- 

d i t i o n s l .  

Thus, one can f i n d  i n  t h e  s p e c i a l  l i t e r a t u r e  on t h e  s u b j e c t  a s s e r t i o n s  t o  

the  e f f e c t  t h a t  r a d i o a c t i v i t y  i s  t h e  s o l e  process  i n  matter over  which we are 

ab le  t o  e x e r c i s e  no c o n t r o l ;  t h a t  t h e r e  i s  something s u p e r n a t u r a l  i n  i t s  

i s o l a t i o n  from t h e  environment and i n  i t s  i n d i f f e r e n c e  t o  i t ;  t h a t  r a d i o a c t i v e  

processes  t ake  p l a c e  spontaneously,  cannot be e i t h e r  a c c e l e r a t e d  o r  dece le r -  

a t ed ,  and show abso lu te ly  no r e a c t i o n  t o  changes i n  phys i ca l  and chemical 

cond i t ions ;  t h a t  t h e  r a t e  a t  which a given r a d i o a c t i v e  substance decays i s  

constant  and independent o f  phys i ca l  and chemical cond i t ions ;  t h a t  by no 

techniques o r  magnetic f i e l d s  a t  our d i sposa l  can w e  vary t h e  r a t e  of  n a t u r a l  

r a d i o a c t i v e  t r a n s  format i ons . 
A l l  t he se  a s s e r t i o n s ,  which follow from t h e  p r i n c i p l e  of t h e  constancy of  

the r a d i o a c t i v e  p rocess  and i t s  independence of e x t e r n a l  cond i t ions ,  a r e  i n  

con t r ad ic t ion  with t h e  f a c t u a l  d a t a  of contemporary atomic physics  and geology. 

They are a t  r a d i c a l  va r i ance  with t h e  p r i n c i p l e s  of d i a l e c t i c a l  mater ia l ism.  

The p r i n c i p l e  a s s e r t i n g  t h e  constancy and independence of  t he  r a d i o a c t i v e  

process has had a negat ive e f f e c t  on the  development of  t h e  sc i ence  of  geology, 

which p l aces  p r e c i s e l y  t h i s  p r i n c i p l e  a t  t he  h e a r t  o f  i t s  understanding of a 

hos t  of n a t u r a l - h i s t o r i c a l  phenomena. I t  u n d e r l i e s  modern teaching regarding 

t h e  d i s t r i b u t i o n  of r a d i o a c t i v e  elements,  and on t h i s  p r i n c i p l e  r e s t s  one 

method of determining the abso lu te  geological  age of  rocks and mine ra l s ,  and - -  /40 

t h e  l i k e .  

The advocates of t h i s  p r i n c i p l e  argue t h a t  r a d i o a c t i v e  substances have 

been heated t o  high temperatures ,  sub jec t ed  t o  g r e a t  p r e s s u r e s ,  placed i n  

powerful magnetic f i e l d s  ( a s  much as 83,000 o e r s t e d s ) ,  as w e l l  as i n  c e n t r i -  

fuga l  f i e l d s  with a c c e l e r a t i o n s  20,000 t imes greater  than g,  and t h a t  d e s p i t e  

- _ _  - --- - - - 

This p ropos i t i on  has  been c r i t i c i z e d  i n  d e t a i l  by t h e  author  i n  a s p e c i a l  
a r t i c l e  [ 4 4 ] .  I t s  b a s i c  premises a r e  c i t e d  h e r e .  
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.I I I I... . , .. , . . .- ... ._._ 

a l l  t h e s e  i n t e n s i v e  manipulations no change i n  t h e  ra te  o f  r a d i o a c t i v e  decay 

could be  d e t e c t e d .  Nor is  t h i s  ra te  a f f e c t e d  by t h e  concen t r a t ion  of  r ad io -  

a c t i v e  atoms: d e s p i t e  changes i n  concen t r a t ion  i n  t h e  r a t i o  of 1:2,000, t h e  

constant  A ,  c h a r a c t e r i s t i c  of  t h e  t ransformation r a t e  of t h e  *radon, r e t a i n e d  

i t s  former va lue .  

I t  i s  easy t o  see t h a t  t h i s  l i n e  of  reasoning s u f f e r s  from incompleteness 

and t h a t  i t  does no t  i nc lude  occurrences o f  a r t i f i c i a l  r a d i o a c t i v i t y  o r  t h e  

r e s u l t s  of  t h e  s tudy  of  cosmic r ays  -- p r e c i s e l y  the  area of f a c t u a l  d a t a  

which does indeed demonstrate t h a t  r a d i o a c t i v e  decay i s  a f f e c t e d  by d e f i n i t e  

e x t e r n a l  f a c t o r s .  While during t h e  i n i t i a l  s t a g e s  o f  t h ink ing  regarding t h e  

r a d i o a c t i v e  process  as one t h a t  was constant  and independent i t  might have 

seemed reasonable  t o  b e l i e v e  t h a t  none of t h e  a f f e c t i n g  in f luences  known a t  

t h a t  time t o  sc i ence  had any effect on the  rate of r a d i o a c t i v e  decay, never- 

t h e l e s s  from t h e  moment of  t he  discovery of a r t i f i c i a l  r a d i o a c t i v i t y  - -  and, 

t o  an even g r e a t e r  degree,  the subsequent breakthrough i n  the  f i e l d  of 

n u c l e a r  physics  culminating i n  the understanding of chain r e a c t i o n s  - -  any 

a s s e r t i o n  t h a t  atomic decay i s  a pu re ly  i n d i v i d u a l  event  independent of  

e x t e r n a l  i n f luences  i s  simply not  i n  agreement with e s t a b l i s h e d  fac ts .  

These views on t h e  constancy and independence of  t he  r a d i o a c t i v e  process  

were formulated during t h e  f irst  years  of our  century s h o r t l y  a f t e r  t he  

discovery of  r a d i o a c t i v i t y .  They are based on t h e  f i nd ings  o f  experimental  

r e sea rch  obtained under d e f i n i t e ,  s t r i c t l y  l i m i t e d  l abora to ry  condi t ions , 
which, as has now become c l e a r ,  i n  f a c t  precluded t h e  d e t e c t i o n  of  t h e  

r e l a t i o n s h i p  between t h e  r a t e  of r a d i o a c t i v e  decay and changes i n  temperature 

and p r e s s u r e .  

I t  was the  d a t a  of t h e s e  t e s t s  t h a t  generated the  a s s e r t i o n s  t h a t  t h e  

behavior of r a d i o a c t i v e  decay i s  e n t i r e l y  independent o f  terrestr ia l  f i e l d s  

and energy forms and of  the n a t u r a l  f o r c e s  known on E a r t h .  These p o s t u l a t e s  /41 
regarding the  independence and a kind of unnatural  e x c l u s i v i t y  mirrored i n  t h e  

conceptions r a t h e r  than from t h e  r e s u l t s  of l abora to ry  experimentat ion.  

I t  i s  a l t o g e t h e r  c l e a r  t h a t  t h e  l abora to ry  cond i t ions  under which the 

r e sea rch  i n t o  r a d i o a c t i v i t y  phenomena was conducted du r ing  these  f irst  s t a g e s  
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f a i l e d  t o  exhaust a l l  t he  experimental  p o s s i b i l i t i e s  o r ,  far  less, t h e  n a t u r a l  

f a c t o r s  which might affect  t h e  behavior  of  t h e  p r o c e s s .  

der ived observat ions permit ted merely t h e  l imi t ed  conclusion t h a t ,  under given 

condi t ions and employing given l imi t ed  i n v e s t i g a t o r y  techniques,  no change w a s  

de t ec t ed  i n  t h e  ra te  of  r a d i o a c t i v e  decay, b u t  what was i n  fact  drawn was the  

conclusion as t o  t h e  un re l a t edness  of  t h e  r a d i o a c t i v e  process  t o  any e x t e r n a l  

f a c t o r s  whatsoever. I t  w a s  a case of a broad conclusion f a i l i n g  t o  match a 

l imi t ed  experiment. 

Such experimental ly  

Touching on t h e  h i s t o r y  o f  thought r ega rd ing  t h e  constancy and independ- 

ence o f  t he  r a d i o a c t i v e  p rocess ,  it i s  worthwhile no t ing  t h a t  as  e a r l y  as 

1915 the  famous Russian chemist  L .  A .  Chugayev, i n  an examination of  t he  

i n d i f f e r e n c e  of r a d i o a c t i v e  t r ans fo rma t ions  t o  experimental  cond i t ions  and t o  

the  "bias" of t he  experimenter ,  wrote:  " I t  i s  poss ib l e  t h a t  t h i s  absence of 

any kind of i n f luence  i s  merely a seeming absence and i s  caused by the 

circumstance t h a t  our methods o f  i n v e s t i g a t i o n  a r e  t o o  crude t o  allow us t o  

capture  the  i n f i n i t e s i m a l l y  minor e f f e c t s  which i n  f a c t  do t ake  p l a c e ,  o r ,  on 

t h e  o t h e r  hand, t h a t  w e  may have been unable t o  concen t r a t e  a p a r t i c u l a r  form 

of energy i n  s u f f i c i e n t  measure f o r  i t s  e f f e c t  on t h e  r a d i o a c t i v e  processes  

t o  assume a p e r c e p t i b l e  magnitude" [45, p .  1341. 

Thus, t h i s  p r i n c i p l e  of constancy and independence had r i g h t l y  been c a l l e d  

i n t o  doubt,  and even then it  had q u i t e  p rope r ly  been observed t h a t  the f a i l u r e  

of e x t e r n a l  f a c t o r s  t o  a f f e c t  t h e  process of  r a d i o a c t i v i t y  i s  merely an 

apparent f a i l u r e  due t o  t h e  imperfect  nature  of t h e  r e sea rch  methodology. 

However, a t  t h a t  t ime t h i s  p e n e t r a t i n g  i n s i g h t  was not  awarded the importance 

i t  meri ted.  

We should r e c a l l  t h a t  proper  r ecogn i t ion  was a l s o  not  forthcoming f o r  t h e  

d i scove r i e s  of  our geophys ic i s t s  L .  N .  Bogoyavlenskiy and A .  A .  Lomakin, who 

pointed out  ( i n  1923-1925) t h a t  t h e  p o t e n t i a l  o f  p e n e t r a t i n g  r a d i a t i o n  n e a r  

t h e  E a r t h ' s  s u r f a c e  changes wi th in  wide l i m i t s  and, appa ren t ly ,  bea r s  a d i r e c t  __ /42 

r e l a t i o n  t o  t h e  concen t r a t ion  of  radioelements a t  t h e  s i t e  i n  ques t ion  [46].  

I n  oppos i t i on  t o  a l l  t h i s ,  and based on s t a t i s t i c a l  d a t a  der ived from 

decay ra te  observat ions of  i s o l a t e d  r a d i o a c t i v e  subs t ances ,  t he  p r i n c i p l e  of 
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t h e  constancy and independence o f  t h e  decay of r a d i o a c t i v e  substances was 

e l eva ted  t o  t h e  rank of  a l a w ,  according t o  which any r a d i o a c t i v e  substance 

under any condi t ions decays i n  accordance with t h e  formula N = Noe 

N i s  t h e  number of atoms of  t h e  r a d i o a c t i v e  substance a t  a c e r t a i n  moment 

of time equal t o  zero; N i s  t h e i r  number a t  t h e  moment t ;  X i s  a constant  

desc r ib ing  t h e  r a t e  of decrease;  e i s  t h e  base of t h e  n a t u r a l  logari thms.  

- A t  , where 

0 

This law, which i s  founded on s t a t i s t i c a l  obse rva t ions ,  was made c e n t r a l  

t o  t he  determinat ion of t h e  r a t e  of  t h e  r a d i o a c t i v e  processes  which t ake  p l a c e  

under n a t u r a l  cond i t ions .  The l a w  s t a t e s  t h a t ,  during a pe r iod  of  t i m e  

corresponding t o  t h e  s o - c a l l e d  h a l f - l i f e  p e r i o d ,  one h a l f  of t h e  i n i t i a l  

q u a n t i t y  of  t he  atoms of a given substance always and under any e x t e r n a l  

condi t ions decays,  and t h a t  i n  the  subsequent second h a l f - l i f e  pe r iod  one h a l f  

of t h e  atoms of t h e  remaining h a l f  decay, with h a l f  of t h e  remaining q u a r t e r  

decaying i n  t h e  t h i r d  p e r i o d ,  and so  f o r t h  -- t h a t  i s ,  with t h e  decrease 

occurr ing according t o  what i s  known as t h e  exponent ia l  law. 

I t  i s  p e r f e c t l y  evident  t h a t  t h i s  formulat ion,  underlying t h e  exponent ia l  

l a w  and expressing t h e  r e l a t i o n s h i p  of decay, assuming i t s  r a t e  t o  be cons t an t ,  

t o  e lapsed t i m e  and t o  an i n i t i a l  q u a n t i t y  of  atoms, is  of p a r t i c u l a r  s i g n i f i -  

cance - -  t h a t  i s ,  i t  i s  v a l i d  under d e f i n i t e  condi t ions and namely those 

condi t ions f o r  which i t  was s t a t i s t i c a l l y  de r ived .  I t  cannot be  considered 

u n i v e r s a l  o r  appl ied t o  areas of t he  unknown. 

Today, with our knowledge t h a t  t h e  p r i n c i p a l  f a c t o r s  capable of  a f f e c t i n g  

t h e  decay of  an atomic nucleus a r e  neutrons and o t h e r  elementary p a r t i c l e s  

e j e c t e d  by the  n u c l e i  as they decay, as well as cosmic r a y s ,  any such views 

as t o  t h e  i n v a r i a b i l i t y  and independence o f  r a d i o a c t i v e  decay as a r e  based on 

considerat ions of  a thermodynamic na tu re  f o r  r e l a t i v e l y  low parameters cannot 

be e n t e r t a i n e d  as 

a f f e c t i n g  t h e  decay by o t h e r  f a c t o r s .  

a persuasive argument i n  f avor  of t h e  i m p o s s i b i l i t y  of  /43 

This p r i n c i p l e  i s  i n  con t r ad ic t ion  with f a c t u a l  d a t a :  t h e  r e s u l t s  of  t h e  

s tudy of a r t i f i c i a l  r a d i o a c t i v i t y  and t h e  s p l i t t i n g  of t h e  atomic nucleus,  

r e sea rch  i n t o  the  e f f e c t  of cosmic r a d i a t i o n  on v a r i a t i o n s  i n  the  i s o t o p i c  

composition of Earth elements,  and geo log ica l  d a t a .  
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I t  i s  a l s o  know t h a t  under t h e  e f f e c t  of  neutrons,  p ro tons ,  o r  alpha- 

p a r t i c l e s  atomic decay i s  accompanied by t h e  formation of n u c l e i  which a r e  

e i t h e r  i s o t o p i c  with t h e  i n i t i a l  nucleus o r  removed one o r  two s t e p s  i n  t h e  

p e r i o d i c  system, and t h a t  r a d i o a c t i v i t y  i s  no longer an exclusive phenomenon 

of only a few elements:  a l l  t h e  elements of  t h e  p e r i o d i c  system are s u b j e c t  

t o  conversions,  beginning with hydrogen and ending with uranium and t h e  

a r t i f i c i a l l y  c rea t ed  transuranium elements.  The a s s e r t i o n  t h a t  modern sc i ence  

knows o f  no means o r  methods t o  in f luence  t h e  behavior  o f  t he  r a d i o a c t i v e  

process  i s  a t  odds with t h e  f a c t s  of a r t i f i c i a l  r a d i o a c t i v i t y ,  which i s  

generated p r e c i s e l y  by t h e  e f f e c t  of e x t e r n a l  s t i m u l i  known and a c c e s s i b l e  t o  

t h e  modern s c i e n t i s t .  

' 

The discovery i n  1938-1939 of a new kind of nuc lea r  r e a c t i o n  i n  which, as 

a r e s u l t  of  neutron capture ,  t h e  i n i t i a l  heavy nucleus (uranium, thorium, 

protoactinium) i s  s p l i t  approximately i n  h a l f ,  a l s o  has  i t s  counterpar t  under 

n a t u r a l  condi t ions as  w e l l .  This has been s u b s t a n t i a t e d  by t h e  experiments 

o f  Soviet  p h y s i c i s t s  [ 4 7 ] .  I t  i s  important t o  no te ,  i n  t h i s  connection, t h a t  

with a decay of t h i s  kind,  neutrons a r e  r e l eased  which, i f  condi t ions a r e  

f avorab le ,  i n  t u r n  become t h e  source of new f i s s i o n s .  

Of importance t o  t h e  i n i t i a t i o n  o f  chain r e a c t i o n s  are t h e  mass of  t h e  

r a d i o a c t i v e  substance,  t h e  form of  t h e  mass, t h e  p u r i t y  of t h e  substance,  

t h e  presence of neutrons and i n h i b i t o r s  (carbon, heavy water ,  be ry l l i um,  and 

o t h e r s ) ,  although t h e  r e a c t i o n  may proceed under t h e  most conventional 

temperatures and p r e s s u r e s .  

I n  n a t u r e ,  where processes  of  n a t u r a l  r a d i o a c t i v i t y  occur ,  t h e  mass 

dimensions of t h e  concentrat ions of r a d i o a c t i v e  subs t ances ,  t h e  forms of  

t h e s e  concen t r a t ions ,  t h e  p u r i t y  of t h e  substances,  as we l l  as t h e  concentrat ion 

of neu t rons ,  i n h i b i t o r  subs t ances ,  and a l s o  substances which may be t h e  source 

of  neu t rons ,  p ro tons ,  and a - p a r t i c l e s ,  f l u c t u a t e  and combine d i f f e r e n t l y  i n  

each s p e c i f i c  i n s t a n c e  i n  which r a d i o a c t i v e  elements are found. We may 

reasonably expect t h a t  t h e  r a t e  of  nuc lea r  decay f o r  each such i n s t a n c e  w i l l  

a l s o  be d i f f e r e n t .  
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The i n v e s t i g a t i o n  o f  cosmic r ays  has l e d  t o  d i r e c t  proof t h a t  under 

n a t u r a l  condi t ions t h e r e  are f a c t o r s  which affect  t h e  course of n a t u r a l  

r a d i  o ac t i ve t r a n s  format i ons . 
I t  has ,  f o r  example, been e s t a b l i s h e d  t h a t  C I 4  owes i t s  o r i g i n  t o  

neutr'ons o f  cosmic r a d i a t i o n .  When t h e  neutrons are absorbed i n  t h e  atmos- 

phere,  r a d i o a c t i v e  carbon i s  generated because o f  n i t r o g e n  N 1 4 .  The la tes t  

r e sea rch  confirms t h e  formation of helium under t h e  e f f e c t  of  cosmic r ays .  

S tud ie s  of n u c l e a r  t ransformations i n  g l a s s  under t h e  in f luence  of cosmic 

r a d i a t i o n  have demonstrated t h e  p o s s i b i l i t y  t h a t  w i t h i n  a y e a r ' s  time i n  a 

s i n g l e  cubic  cent imeter  of g l a s s  t h e r e  w i l l  accumulate no less than l o 5  atoms 

of helium. 

which make up t h e  b a s i c  and most widely encountered p a r t s  of t h e  l i t h o s p h e r e .  

There i s  l i t t l e  ques t ion  t h a t  a p o r t i o n  of  t h e  helium found i n  rocks owes i t s  

o r i g i n  t o  cosmic r a d i a t i o n .  Experimental r e sea rch  has a l s o  confirmed t h e  

d i v i s i o n  o f  uranium (U235) under t h e  a c t i o n  of cosmic emission. 

The g l a s s  composition inc ludes  substances (Si02,  Na20, CaO, MgO) 

The p r i n c i p l e  of constancy and independence i s  p i v o t a l  t o  t h e  r a d i o a c t i v e  

method of  f i x i n g  t h e  geo log ica l  age of  minerals  and rocks .  

In  t h e  r a d i o a c t i v e  method of  rock and mineral  age determinat ion t h i s  

p r i n c i p l e  i s  augmented by y e t  another p r i n c i p l e  which asserts t h e  p o s s i b i l i t y  

t h a t  during t h e  passage of  geo log ica l  time t h e r e  have e x i s t e d  unchanging 

e x t e r n a l  condi t ions under which t h e  decay t r a n s p i r e s  - -  t h a t  i s ,  t h e  kind o f  

immutabili ty of condi t ions which ensures t h e  t o t a l  p r e s e r v a t i o n  of each of 

t he  13-15 elements formed i n  t h e  major chain of  t ransformations with d i f f e r e n t  

physical-chemical p r o p e r t i e s  a t  t h e  p o i n t  of  decay. 

I t  i s  no t  l i k e l y  t h a t  any such constant  immutabi l i ty  o f  e x t e r n a l  f a c t o r s ,  

as i s  i n  p r i n c i p l e  p o s t u l a t e d  by the  r a d i o a c t i v e  method, i s  a c t u a l l y  observed. 

I t  would r a t h e r  appear t h a t  t h e  very inconstancy o f  cond i t ions  i s  one o f  t he  

reasons f o r  t h e  i n s t a b i l i t y  of t h e  age d a t a  der ived through t h i s  technique.  

I t  must a l s o  be po in ted  out  t h a t  t he  end products  of  r a d i o a c t i v e  decay, /45 
on t h e  b a s i s  of which the  t i m e  l apse  determinat ion i s  made, a r e  the  func t ion  

of a l a rge  number of v a r i a b l e  q u a n t i t i e s .  

i n  t h e  decay of l ead  depends on t h e  completeness wi th  which a r e  preserved a l l  

Thus, t h e  amount of  end product 
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t h e  substances (numbering as much as 15) formed i n  t h e  long decay chain,  

beginning with uranium ( o r  thorium) and ending with l ead .  Here i t  should 

be s t r e s s e d  t h a t  t h e  in t e rmed ia t e  elements formed, possessing d i f f e r e n t  

phys i ca l  and chemical p r o p e r t i e s ,  are i n  a s ta te  o f  a c t i v e  i n t e r a c t i o n  with 

a changeable e x t e r n a l  environment, amid which t h e  p rocess  of  decay is  t r a n s -  

p i r i n g ,  and, consequently,  t o  a considerable  degree t h e s e  in t e rmed ia t e  products 

f a l l  ou t s ide  t h e  l i m i t s  of  t h e  mineral  whose age i s  determined on t h e  b a s i s  

of r e s i d u a l  radiogenic  l ead .  This l o s s  of  i n t e rmed ia t e  and f i n a l  decay pro- 

ducts  accompanies t h e  e n t i r e  p r o t r a c t e d  time (mi l l i ons  and b i l l i o n s  of yea r s )  

of r a d i o a c t i v e  t ransformations.  

To be s u r e ,  t h e  methodology f o r  determining t h e  abso lu te  age of  minerals  

has been p e r f e c t e d  and a v a r i e t y  o f  improvements have been made i n  i t .  

However, a l l  t h e s e  p o s i t i v e  modif icat ions have not  succeeded i n  e l imina t ing  

t h e  fundamental premise of t h i s  method - -  namely, t h e  f a c t  t h a t  t h e  technique 

i s  founded on t h e  p r i n c i p l e  of a constant  r a t e  o f  r a d i o a c t i v e  decay, on t h e  

independence of  decay on e x t e r n a l  cond i t ions ,  and on t h e  assumption o f  t h e  

ex i s t ence  of  constant  cond i t ions  such as would ensure t h e  t o t a l  conservat ion 

of t h e  i n i t i a l ,  i n t e rmed ia t e  , and f i n a l  products of t h e  r a d i o a c t i v e  decay 

a t  t h e  s i t e  of t h e i r  formation throughout t h e  e n t i r e  h i s t o r y  of  t h e  E a r t h ' s  

evo lu t ion .  

One cannot b u t  emphasize a t  t h i s  po in t  t h a t  i t  i s  , above a l l ,  p r e c i s e l y  

i n  minerals  containing r a d i o a c t i v e  elements t h a t  t h i s  kind of cond i t iona l  

constancy cannot poss ib ly  be ,  s i n c e  t h e  r a d i o a c t i v e  decay of t h e s e  minerals  

breaks down t h e  c r y s t a l  l a t t i c e  of t h e  mineral  and f a c i l i t a t e s  t he  depa r tu re  

of decay products t o  t h e  o u t s i d e .  Consequently, a source of d e s t r u c t i o n  i s  

i m p l i c i t  i n  t h e  process  i t s e l f ,  no t  t o  mention t h e  o t h e r  conventional f a c t o r s  

p re sen t  i n  t h e  d i s i n t e g r a t i o n  of  rocks and mine ra l s .  

Turning now t o  t h e  widely h e l d  "theory" of  t h e  geochemical d i s t i r u b t i o n  

of r a d i o a c t i v e  elements i n  t h e  Ea r th ,  according t o  which i t  i s  pos tu l a t ed  

t h a t  such elements are concentrated i n  a v i r t u a l l y  exc lus ive  manner i n  the  

o u t e r  16-48 ki lometers  of  t h e  t e r r e s t r i a l  c r u s t ,  t h e  p o i n t  t o  be noted i s  t h a t  

t h i s  theory follows from a thermal balance of  t h e  Earth der ived f o r  a constant  

ra te  of r a d i o a c t i v e  decay, it being on t h i s  b a s i s  t h a t  t h e  conclusion i s  

/46 
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, .. - 

drawn regarding t h e  i m p o s s i b i l i t y  of  encounter ing r a d i o a c t i v e  substances a t  

subc rus t  t e r res t r ia l  depths .  

From t h i s  t heo ry  it follows t h a t  i f  r a d i o a c t i v e  elements were p resen t  i n  

t h e  deep regions below t h e  c r u s t  i n  t h e  same q u a n t i t i e s  as i n  t h e  c r u s t ,  t h e  

Earth would then have t o  be i n  a melted s t a t e ,  bu t  s i n c e  t h e  Earth is  hard,  

r a d i o a c t i v e  elements a r e  absent  beneath t h e  16-48 km envelope. 

This conclusion f l i e s  i n  t h e  f ace  of  t h e  we l l  known and f i rmly  e s t ab l i shed  

f a c t  t h a t  a l l  t h e  rocks forming t h e  E a r t h ' s  c r u s t ,  among which t h e r e  a r e  

unquestionably rocks o f  p l u t o n i c  o r i g i n  formed from magnetic f o c i  a t  subc rus t  

depths ,  do e x h i b i t  r a d i o a c t i v i t y .  

The above view i s  a l s o  i n c o n s i s t e n t  with d a t a  on bathyseism which might be 

r e l a t e d  i n  o r i g i n  t o  r a d i o a c t i v i t y  p rocesses .  

The concept o f  t h e  constancy and independence o f  t he  r a d i o a c t i v e  process  

was formulated a t  t h e  o u t s e t  of  t h e  twen t i e th  century.  

which metaphysical conceptions he ld  sway. These conceptions were the  ob jec t  

of w i the r ing  c r i t i c i s m  by V .  I .  Lenin i n  h i s  c l a s s i c  work [MateriaZizm i 
empi r iokr i t i t s i zm] .  The physics  o f  t h a t  t ime, it w i l l  be r e c a l l e d ,  was i n  t h e  

g r i p  o f  a cr is is  as time-honored dogmas were being d i sca rded  with the  advent of  

new d i s c o v e r i e s .  The e l e c t r o n  theory had undermined t h e  most fundamental p r i n -  

c i p l e s  o f  physics  , and p h y s i c i s t s  were proclaiming t h e  "disappearance of  matter" 

and t h e  "demate r i a l i za t ion  o f  t h e  atom." 

This was a pe r iod  during 

Reviewing t h e  t h e o r i e s  o f  t h e  t i m e  , Lenin wrote:  " 'Matter  i s  d i sappea r ing1-  

-what t h i s  means i s  t h e  disappearance o f  t h a t  boundary which has de l imi t ed  our 

knowledge of  ma t t e r  u n t i l  t h i s  t ime; what i t  means i s  t h a t  our understanding i s  

becoming more profound. What a r e  disappearing are those  p r o p e r t i e s  o f  matter 

which have p rev ious ly  seemed abso lu te ,  unchanging, o r i g i n a l  ( impene t r ab i l i t y ,  

i n e r t i a ,  mass, e t c . )  and which a r e  now being r evea led  as r e l a t i v e  and proper  

only t o  c e r t a i n  s t a t e s  o f  mat ter .1 '1  

In 

regarding t h e  constancy and independence o f  r a d i o a c t i v e  decay r e f l e c t  an 

l i g h t  o f  t h e s e  p o s t u l a t e s  of  Lenin i t  w i l l  be e a s i l y  seen t h a t  i deas  - /47 

V. I .  Lenin, Polnoye sobraniye sochineniy [Complete Co l l ec t ed  Works] , Vol. 18, 
p .  275, (Russian Ed i t ion )  
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i n i t i a l  s t a g e  i n  t h e  s tudy  of t h e  p rocess ,  when t h e  i n v e s t i g a t o r y  methodology 

was fa r  from p e r f e c t  and incapable  of r e v e a l i n g  t h e  e f f e c t  of e x t e r n a l  

f a c t o r s  on t h e  r a t e  of r a d i o a c t i v e  decay. 

s t a g e  i n  t h e  s tudy of r a d i o a c t i v i t y  when t h e  atomic nucleus had no t  y e t  been 

i d e n t i f i e d  as a source of r a d i o a c t i v e  emissions and when, t o  an even g r e a t e r  

degree,  f a c t o r s  of e x t e r n a l  s t i m u l a t i o n  of t h e  nucleus were as y e t  unknown.. 

From t h e  moment of  t h e  discovery of  a r t i f i c i a l  r a d i o a c t i v i t y ,  a s s e r t i o n s  as t o  

t h e  i n v a r i a b i l i t y  and independence of  t h e  r a d i o a c t i v e  process  begin t o  c o n f l i c t  

with s c i e n t i f i c a l l y  e s t a b l i s h e d  f a c t u a l  d a t a .  

This corresponded p r e c i s e l y  t o  t h a t  

In  e f f e c t ,  t h e r e  e x i s t s  a p rocess ,  which is  we l l  known and with which i s  

a s soc ia t ed  t h e  t ransformation of  an element which exe ra i se s  t h e  most profound 

e f f e c t  on t h e  environment, bu t  which, t he  advocates of t h i s  p r i n c i p l e  main- 

t a i n ,  i s  i t s e l f  dependent on nothing i n  na tu re  and bea r s  no r e l a t i o n s h i p  t o  

t h e  surrounding m a t e r i a l  world.  

To a s s e r t  t he  immutabi l i ty  and independence of t h e  r a d i o a c t i v e  p rocess ,  

t h e  constancy of i t s  decay r a t e  f o r  a l l  t h e  condi t ions o f  t h e  E a r t h ,  t h e  S o l a r  

System, and even t h e  galaxy,  i s  a l s o  t o  d e c l a r e  t h a t  t h a t  which has  never been 

c rea t ed ,  which has never  been generated can a l s o  decay. Obviously, decay i s  

p o s s i b l e  only by what has sometimes a r i s e n  o r  has sometimes been c rea t ed .  

C lea r ly ,  t h e  decay s t age  o f  r a d i o a c t i v e  elements must be preceded by t h e  

stage o f  t h e i r  o r i g i n a t i o n  and c r e a t i o n ,  and t h e  a s s e r t i o n  o f  t he  constancy of  

decay i s  meaningless without i t s  opposi te  - -  t he  f a c t  of becoming. The 

f a c t  t h a t  r a d i o a c t i v e  decay i s  a general  p rope r ty  of t h e  elements found under 

t e r r e s t r i a l  condi t ions may a t tes t  t o  t h e  fact  t h a t  under t h e  evolut ionary 

condi t ions of t e r r e s t r i a l  m a t t e r  a s t a g e  of becoming occurred,  a s t a g e  of t h e  

formation of t h e s e  r a d i o a c t i v e  elements,  and t h a t  r a d i o a c t i v e  decay is  a 

process  which a rose  only i n  t h e  subsequent developmental h i s t o r y  o f  t h e  E a r t h ' s  

matter. 

Discoveries i n  the  realm of  atomic physics  have overturned t h e  dogma of 

t h e  i n v a r i a b i l i t y  and independence of t h e  r a d i o a c t i v e  p rocess  and have 

aff i rmed anew t h e  legi t imacy of t h e  p r i n c i p l e s  of d i a l e c t i c a l  materialism. 
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Lenin pointed o u t :  "The d e s t r u c t i b i l i t y  of  t h e  atom, i t s  e x h a u s t i b i l i t y  , t h e  

v a r i a b i l i t y  o f  a l l  t h e  forms of ma t t e r . and  o f  i t s  movement -- t h e s e  have 

always been t h e  undergirding of  d i a l e c t i c a l  materialism. r t l  

Such are t h e  p r i n c i p a l  criticisms of t h e  p r i n c i p l e  a s s e r t i n g  t h e  constancy 

and independence of r a d i o a c t i v e  decay which w e  proposed i n  an a r t i c l e  w r i t t e n  

i n  1948 and publ ished i n  1951 [44].  

of t hese  remarks i n  the  r e s u l t s  of t h e  r ad iomet r i c  determinat ions of  r e c e n t  

yea r s  , which i n d i c a t e  t h e  contingent s i g n i f i c a n c e  of  "absolute" d a t i n g ,  i n a s -  

much as i t s  d a t a  a r e  grouped wi th in  a wide range of  rock age complexes and 

p inpo in t  s t a g e s  i n  t h e  thermodynamic h i s t o r y  of t h e  c r u s t  r a t h e r  than t h e  

abso lu te  age of t h e  rocks.  

importance i n  t h e  s tudy o f  t h e  geo log ica l  h i s t o r y  of  a region and t h e  s t r a t i -  

graphic  succession of geo log ica l  formations,  as determined on t h e  b a s i s  of  

geo log ica l  and b i o s t r a t i g r a p h i c  d a t a .  I t  would appear t h a t  i n  t h i s  r e s p e c t  an 

ob jec t ive  assessment of age d a t a  obtained by r ad iomet r i ca l  techniques might 

be provided f o r  t h e  i n d i v i d u a l  regions f o r  which these  d a t a  have been d e r i v e d .  

A s  an example of such an assessment,  p a r t i c u l a r l y  deserving of a t t e n t i o n ,  we 

might c i t e  t h a t  performed by A. A.  Bogdanov f o r  t h e  Kola Peninsula ,  regarding 

whose pre-Cambrian formations numerous r ad iomet r i c  determinat ions of rock and 

mineral  age have been c a r r i e d  o u t .  

One cannot f a i l  t o  pe rce ive  the  soundness 

The r e s u l t a n t  d a t a  are o f  s u b s t a n t i a l  ( r e l a t i v e )  

Bogdanov w r i t e s :  "Experience i n  t h e  development of t he  geology of  t he  

pre-Cambrian of  t he  B a l t i c  S h i e l d  i n d i c a t e s  t h a t  i n  t h e  d i sc r imina t ion  of 

pre-Cambrian folded complexes very g r e a t  importance a t t a c h e s  t o  the  r ad io -  

geo log ica l  d a t a  r ega rd ing  t h e  so -ca l l ed  abso lu te  age of  t h e  rocks .  A t  t h e  

same time, ev iden t ly ,  a consensus i s  a l s o  g e n e r a l l y  developing t o  the  e f f e c t  

t h a t  i n  t h e  s tudy  of metamorphic rocks r a d i o l o g i c a l  readings permit t h e  de- 

terminat ion of  t h e  t ime o f  occurrence of t h e  l a t e s t  metamorphic p rocesses ,  

but no t  t he  'age'  of t h e  rock i t s e l f .  Radiological  determinat ions provide 

inva luab le  information on t h e  most r ecen t  t r ans fo rma t ions  i n  rock matter , /49 
caused by both metamorphic and d i s l o c a t i o n a l  processes"  [48, p .  131.  

_____ ~ .-.. .~ . -  . . ~  . _ _  ~ ~ . .  . .  
V. I .  Lenin, Polnoye sobraniye soehineniy [Complete Works], Vol. 18, p .  298 
(Rus s i an Edi ti on) 
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Bogdanov concluded that  r a d i o l o g i c a l  determinat ions make p o s s i b l e  the 

determinat ion of t h e  geochronological p o s i t i o n  of ve ry  important d i v i d i n g  

l i n e s  which are more than anything e lse  t h e  i n t e r f a c e s  o f  ad jacen t  t e c t o n i c  

complexes. However, t h e  a c t u a l  d i sc r imina t ion  and i s o l a t i o n  of t h e s e  complexes 

must and can be accomplished only through t h e  employment of the e n t i r e  sum of 

t h e  geo log ica l  d a t a  c h a r a c t e r i z i n g  them. 

One cannot argue with t h i s  a p p r a i s a l ,  al though even he re  t h e r e  i s  the 

remaining unc lea r  a spec t  of  t h e  chronological  s i g n i f i c a n c e  of  t h e  da t ing  of 

"very important d iv id ing  l i n e s  ,I' as  i n t e r f a c e s  o f  "adjacent t e c t o n i c  complex- 

es." For with r ega rd  even t o  so  important a "dividing l i ne"  as t h e  maximum 

age of t h e  E a r t h ' s  c r u s t ,  i n  a r e l a t i v e l y  s h o r t  pe r iod  r ad iomet r i c  determi- 

na t ions  have fu rn i shed  f i g u r e s  of 1 . 8 ,  2 . 5 ,  4 .5 ,  and f i n a l l y  10 b i l l i o n  y e a r s  

[49].  The discrepancy of t h e  las t  f i g u r e  i s  obvious i f  one considers  t h a t  t h e  

m a x i m u m  p o s s i b l e  age of t he  Earth has  been f i x e d  a t  6 b i l l i o n  y e a r s .  Bearing 

i n  mind t h a t  t h e  pa l eon to log ica l  and h i s t o r i  co-geological methods "provide a 

f i r m  foundation f o r  t he  r e c o n s t r u c t i o n  o f  t h e  h i s t o r i c a l  p a s t  o f  our  p l a n e t ,  

and a l s o  f o r  t h e  compilation o f  geo log ica l  c h a r t s  r e f l e c t i n g  t h e  s t r u c t u r e  of 

t h e  upper p o r t i o n s  of t h e  t e r r e s t r i a l  c r u s t  excessive i n f a t u a t i o n  wi th  the  

f i g u r e s  of  "absolute" chronology may lead t o  s e r i o u s  i n c o n s i s t e n c i e s  [SO, 

p. 3001. I n  t h i s  connection it would seem important t o  s t r e s s  t h e  g r e a t  

s i g n i f i c a n c e  of t h e  fol lowing conclusion by V .  V .  Menner: "Adherence t o  t h e  

fundamental p o s t u l a t e  o f  m a t e r i a l i s t  d i a l e c t i c s  regarding t h e  need t o  s tudy a l l  

n a t u r a l  processes  i n  t h e i r  i n t e r r e l a t e d n e s s  and c a u s a l i t y  i s  p o s s i b l e  only i n  

t h e  event  of an o v e r a l l  s o l u t i o n  of t he  problems confront ing geology. The 

departure  from t h i s  p r i n c i p l e  which can be seen i n  t h e  e f f o r t s  t o  u t i l i z e  only 

one p a r t i c u l a r  methodology, which i s  p a r t i c u l a r l y  t y p i c a l  of  work being con- 

ducted abroad, r e s u l t s  i n  immense harm t o  science" [ 5 0 ,  p.  3111. 

2 .  A New Form of Nuclear Processes -- Processes ~~ Occurring Under t h e  E f f e c t  
Of Natural  Radioact ive Radiat ion 

1 . . .  . . - .  . .  _ - .  -.. . ~. . .  .~-  . 

The new and important d i scove r i e s  i n  t h e  s tudy of nuc lea r  processes  which 

have come t o  l i g h t  i n  r e c e n t  decades provide a b a s i s  f o r  an e n t i r e l y  f r e s h  

approach t o  t h e  b a s i c  problems of  geology and radiogeology and, preeminently,  

those d i r e c t l y  r e l a t i n g  t o  t h e  s tudy of  t h e  phenomenon of  r a d i o a c t i v i t y  
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i t s e l f ,  n a t u r a l  processes  i n  t h e  nuc lea r  t ransformation of  elements,  and t h e i r  

r o l e  i n  t h e  changing elementary s t r u c t u r e  o f  t e r res t r ia l  matter. Other a f f e c t -  

ed a reas  may we l l  be our  knowledge of t h e  E a r t h ' s  h i s t o r y ,  along with our 

understanding of t h e  geo log ica l  processes  of  t h e  thermal balance.  Ever 

g r e a t e r  s i g n i f i c a n c e  has  been taken on by t h e  problems of  r ad iogeo log ica l  

r e s e a r c h ,  i n  which t h e  p re sen t  s t a t e  of t h e  a r t  has been o u t l i n e s  i n  papers by 

V .  I .  Baranov [51 ] ,  G .  V .  Voytkevich [52],  and o t h e r s .  Let us consider  c e r t a i n  

of  t h e s e  problems i n  t h e  l i g h t  of experimental '  d a t a .  

Changes i n  t h e  elementary chemical and i s o t o p i c  composition o f  t he  E a r t h ' s  

ma t t e r  under t h e  e f f e c t  of  n a t u r a l  r a d i o a c t i v e  r a d i a t i o n .  Here we a re  not 

g e n e r a l l y  concerned with t h a t  change i n  t h e  elementary and i s o t o p i c  composition 

of elements which occurs  as a r e s u l t  of  t h e  f a c t  t h a t ,  over t ime, r ad ioac t ive  

elements decay, with no corresponding replenishment,  causing the  r a t i o  of 

elements i n  t e r r e s t r i a l  mat ter  t o  vary.  This i s  accompanied by a reduct ion i n  

t h e  s p e c i f i c  con ten t '  of r a d i o a c t i v e  elements,  which i n  f a c t  determines t h e  

o v e r a l l  d i r e c t i v i t y  of t h e s e  changes. In  t h i s  r e s p e c t ,  r a d i o a c t i v e  processes  

have been well s t u d i e d ,  and i t  has been e s t a b l i s h e d  t h a t  t he  evo lu t ion  of t h e  

elementary composition of  t e r r e s t r i a l  ma t t e r  evolves as a consequence of t h e  

very process  of r a d i o a c t i v e  decay. These, however, a r e  not  t h e  problems t o -  

ward which our  r e sea rch  has been d i r e c t e d .  

s i d e r a t i o n  an e n t i r e l y  new problem: the v a r i a t i o n  i n  the  elementary chemical 

and i s o t o p i c  composition of t e r r e s t r i a l  ma t t e r  occasioned by n a t u r a l  r ad io -  

a c t i v e  r a d i a t i o n .  What w e  have i n  mind here  i s  t h e  f a c t  t h a t  r a d i o a c t i v e  

emissions (alpha,  b e t a ,  and gamma), which arise during the  process  of r a d i o -  

a c t i v e  decay i t s e l f ,  possess  s u f f i c i e n t  k i n e t i c  energy t o  e x c i t e  t h e  nuc le i  

of t h e  i r r a d i a t e d  elements and t o  cause them t o  decay. 

problem impinges on t h e  e s t a b l i s h e d  view of t h e  r a d i o a c t i v e  process  as one 

which i s  independent of t h e  e x t e r n a l  condi t ions which e x i s t  a t  the p re sen t  

time on the  Earth o r  which have eve r  e x i s t e d  i n  the  course of i t s  being. 

We have proposed [ 2 3 ]  f o r  con- 

This  formulat ion of t he  - /51 

Experimental d a t a  i n  nuc lea r  f i s s i o n  p o i n t ,  however, t o  the p o s s i b i l i t y  

t h a t  nuc lea r  processes  may have t r a n s p i r e d  i n  t h i s  manner i n  t e r r e s t r i a l  

ma t t e r .  Here r e fe rence  i s  made, p r i m a r i l y ,  t o  experiments which have been 

conducted using n a t u r a l  r a d i o a c t i v e  r a d i a t i o n .  I t  w i l l  be r e c a l l e d  t h a t  i n  
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t he  f irst  experiments i n  nuc lea r  s p l i t t i n g ,  a l p h a - p a r t i c l e s  from a n a t u r a l  

r ad ioac t ive  RC' r a d i a t o r  were employed. These experiments e s t a b l i s h e d  t h a t  

under t h e  e f f e c t  of a l p h a - p a r t i c l e s  from R C ' ,  possessing t h e i r  own k i n e t i c  

energy - -  t h a t  i s ,  with no a r t i f i c i a l l y  induced a c c e l e r a t i o n  - -  t h e  atomic 

n u c l e i  of  n i t rogen ,  boron, f l u o r i n e ,  sodium, phosphorous, neon, magnesium, 

s i l i c o n ,  sulphur ,  c h l o r i n e ,  argon, potassium, and, a t  a l a t e r  d a t e ,  beryl l ium 

and l i t h ium were s p l i t . '  

For many years  n u c l e a r  s p l i t t i n g  was accomplished through the  use of  

a l p h a - p a r t i c l e s  emit ted by n a t u r a l  r a d i o a c t i v e  elements.  

the a l p h a - p a r t i c l e s  were captured and protons were emit ted by t h e  decaying 

n u c l e i .  

In  t h e s e  f i s s i o n s  

This i s  an important p o i n t ,  s i n c e  a t  t h e  p r e s e n t  t ime atomic n u c l e i  a r e  

s p l i t  by means of p a r t i c l e s  a c c e l e r a t e d  i n  s p e c i a l  apparatus and possessing 

energies  of hundreds of megaelectron-vol ts  and more - -  t h a t  i s ,  p a r t i c l e s  with 

energy l e v e l s  unknown under t h e  n a t u r a l  cond i t ions  of  t e r r e s t r i a l  m a t t e r .  O f  

g r e a t  s i g n i f i c a n c e  t o  an understanding of many geo log ica l  processes  i s  t h e  

establ ishment  of t he  f a c t  t h a t  t h e  n u c l e i  o f  many chemical elements w i l l  decay 

under the  e f f e c t  of a lpha and o t h e r  p a r t i c l e s  formed as  a r e s u l t  of n a t u r a l  

r ad ioac t ive  decay and posses s ing  t h e  n a t u r a l  v e l o c i t y  t h a t  i s  proper  t o  them. 

I t  should be observed t h a t  as  e a r l y  as 1934 many s t a b l e  elements were 

d e f i n i t i v e l y  shown t o  have r a d i o a c t i v e  i s o t o p e s ;  t o  ob ta in  t h e s e  r a d i o a c t i v e  

i so topes  neutrons were used ,  t h e  source o f  which was an ampoule containing 

beryl l ium powder and radium emanation. Thus, t h e  neutrons were formed under 

the  e f f e c t  of r a d i a t i o n  proceeding from a n a t u r a l  e m i t t e r .  Radioactive sub- 

s t ances  were acquired with a f a i r  degree of  frequency: o f  s i x t y  i r r a d i a t e d  

elements,  f o r t y  became r a d i o a c t i v e  a f t e r  neutron i r r a d i a t i o n .  These t e s t s  

demonstrated t h a t  under t h e  e f f e c t  of neutrons not  only l i g h t ,  b u t  heavy 

elements a s  we l l  become r a d i o a c t i v e .  

I t  has  been e s t a b l i s h e d  t h a t  t h e  t r ans fo rma t ion  o f  t he  nucleus which has 

captured the  neutron may be accomplished i n  a v a r i e t y  of  ways: i n  some 

.__._..I_--.. . .  .---I_. __. I_ ____ - -~ 

Factual  d a t a  i n d i c a t i n g  sources  may be found i n  our  work [23 ] ;  c f .  a l s o  [ 5 3 ] .  
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i n s t a n c e s ,  with t h e  emission o f  a l p h a - p a r t i c l e s  , f o r  example 

i n  o the r s  -- with t h e  emission o f  protons 

,s.41'' (n, p )  12Mg27: 

and i n  t h i r d  cases ,  with d i r e c t  neutron cap tu re  

where c1 i s  t h e  des igna t ion  of t h e  a l p h a - p a r t i c l e  -- helium nucleus with mass 4 

and charge 2 .  

For many yea r s  "a r t i f ic ia l"  s p l i t t i n g  of  n u c l e i  was conducted by means o f  

a l p h a - p a r t i c l e s  emi t t ed  by n a t u r a l  r a d i o a c t i v e  elements.  These r e a c t i o n s  are 

we l l  understood. By way of example, we c i t e  s e v e r a l  of  t h e  familiar nuc lea r  

r e a c t i o n s  which occur under  t h e  in f luence  of a l p h a - p a r t i c l e s  : 

p i s  the  des igna t ion  of t h e  proton-hydrogen nucleus.  

O f  t h e  r e a c t i o n s  c i t e d  above, p a r t i c u l a r  i n t e r e s t  a t t a c h e s  t o  t h e  aluminum 

f i s s i o n  r e a c t i o n ,  r e s u l t i n g  i n  the  f l y i n g  o u t  of  a p a r t i c l e  possessed of  con- 

s i d e r a b l y  g r e a t e r  k i n e t i c  energy than t h a t  of  t h e  a l p h a - p a r t i c l e  under t h e  

e f f e c t  o f  which t h e  decay takes p l a c e .  This fact  i n d i c a t e s  t h a t  alpha- 

p a r t i c l e s  act as a k ind  of  " i n i t i a t o r "  o r  e x c i t e r  o f  nuc lea r  f o r c e s .  

Therefore ,  experimental  d a t a  have e s t a b l i s h e d  t h a t  under t h e  a c t i o n  of 

a l p h a - p a r t i c l e s  emit ted by n a t u r a l  r a d i o a c t i v e  substances t h e  n u c l e i  o f  many 

l i g h t ,  widely encountered elements may be s p l i t .  

A t  t he  p r e s e n t  t i m e  it i s  we l l  known t h a t  a l p h a - p a r t i c l e s  may g ive  r i s e  

t o  decay accompanied by the  emission not only of p r o t o n s ,  bu t  a l s o  of neutrons,  

i n  a d d i t i o n  t o  o t h e r  p a r t i c l e s  as w e l l .  Consider t h e  r e a c t i o n s :  
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+ 
h e r e  f3 i s  t h e  des igna t ion  of  t h e  p o s i t r o n .  

These r e a c t i o n s ,  t r a n s p i r i n g  under t h e  e f f e c t  of a l p h a - p a r t i c l e s  , are of  

i n t e r e s t  t o  t h e  problem under cons ide ra t ion  i n  t h a t  t h e  neutrons formed as a 

r e s u l t  o f  t h e  decay e x h i b i t  s u f f i c i e n t  k i n e t i c  energy t o  i n  t u r n  cause t h e  

s p l i t t i n g  of n u c l e i  - -  and of a s i g n i f i c a n t l y  l a r g e r  number of elements than 

through the  agency of a l p h a - p a r t i c l e s .  I t  i s  known t h a t  neutrons w i l l  s p l i t  

even heavy n u c l e i ,  i nc lud ing  those  of t h e  r a d i o a c t i v e  elements.  

Since they lack any e l e c t r i c a l  charge,  neutrons e a s i l y  p e n e t r a t e  t h e  

nuc le i  of even heavy atoms possessing a l a rge  charge.  

t h e  charged a l p h a - p a r t i c l e s  and protons from p e n e t r a t i n g  t h e  nuc leus ,  have so 

l i t t l e  e f f e c t  on t h e  neutron t h a t  even those  with very small k i n e t i c  energies  

operate  i n  an extremely e f f e c t i v e  manner and give r i s e  t o  f i s s i o n .  

The f o r c e s  which prevent  

In t h e  case of r e a c t i o n s  t r a n s p i r i n g  under t h e  e f f e c t  o f  neu t rons ,  i n  

each elementary a c t  t h e r e  may ar ise  p ro tons ,  a l p h a - p a r t i c l e s ,  neu t rons ,  o r  

photons which, under the  proper  circumstances,  may i n  t u r n  cause nuc lea r  

f i s s i o n s .  

Given below a r e  only a f e w  of a l a rge  number of well known r e a c t i o n s  

which t a k e  place under the  e f f e c t  of  neutrons:  
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where 8-  i s  the  e l e c t r o n ;  hv i s  t h e  photon. 

F i s s i o n  occurs i n  t h e  nuc le i  of v i r t u a l l y  a l l  elements under t h e  e f f e c t  

of  neutrons.  Ce r t a in  o f  t h e s e  f i s s i o n s  a r e  accompanied by fas t  neutrons with 

an energy of a megaelectron-volt  and above, while  numerous o t h e r s  take p l ace  

more e f f e c t i v e l y  through t h e  agency of slow neu t rons .  I t  has been a sce r t a ined  

t h a t  neutrons with energies  corresponding t o  t h e  thermal v e l o c i t i e s  i n  the 

movement of ma t t e r  a r e  capable of  producing numerous f i s s i o n s .  Slow neutrons 

a r e  obtained as a r e s u l t  of t h e  d e c e l e r a t i o n  of fas t  neu t rons .  Every f a s t  

neutron,  i f  i t  does n o t  s t r i k e  t h e  nucleus when e j e c t e d ,  r a p i d l y  l o s e s  i t s  

v e l o c i t y  as a r e s u l t  of c o l l i s i o n s  and becomes a dece le ra t ed  neutron.  This 

neutron passes  through t h e  e n t i r e  range of v e l o c i t i e s ,  and, consequently,  

through the  resonance l e v e l  s t e p s  as we l l ,  a t  which, i t  w i l l  be r e c a l l e d ,  

neutron e f f e c t i v e n e s s  i s  very h igh .  

Analyzing these  r e a c t i o n s ,  i t  i s  e s s e n t i a l  t o  c a l l  a t t e n t i o n  t o  seve ra l  

very s i g n i f i c a n t  p r o p e r t i e s  i n  many of  them. 

Thus, r e a c t i o n  (1) r e p r e s e n t s  t he  conversion, under the  e f f e c t  of  a - /55 
neutron, of conventional hydrogen i n t o  heavy hydrogen (deuterium) ; conse- 

quen t ly ,  assuming the  proper  cond i t ions ,  n a t u r e  i s  t h e  scene of  a n a t u r a l  

process  i n  the  accumulation of heavy water .  Reaction (2)  i s  of  i n t e r e s t  i n  

t h a t ,  as a r e s u l t  of  t h e  f i s s i o n  of  l i t h ium,  t r i t i u m  i s  ob ta ined ,  which i s  

an extremely e f f e c t i v e  p a r t i c l e  f o r  t h e  product ion of  nuc lea r  f i s s i o n s .  

Reactions (5) through (10) a r e  i n t e r e s t i n g  because they cause the  s p l i t -  

t i n g  of elements widely encountered i n  the n a t u r a l  s t a t e  and are accompanied by 

t h e  r a d i o a c t i v e  decay of  t h e  newly formed n u c l e i .  
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Moreover, r e a c t i o n  (6) i s  t y p i c a l  of r e a c t i o n s  i n  which t h e  f i n a l  product 

i s  i d e n t i c a l  with t h e  i n i t i a l :  under the  e f f e c t  of  t h e  neutron,  MgZ4 becomes 

NaZ4 with t h e  sepa ra t ion  of a p ro ton ;  as  t he  r e s u l t  of  r a d i o a c t i v e  decay 

accompanied by t h e  s e p a r a t i o n  of  an e l e c t r o n ,  NaZ4 i s  transformed i n t o  Mg24 

which i s  t h e  b a s i c  element. 

The K 3 9  f i s s i o n  r e a c t i o n  i s  t y p i c a l  of  a number of  neutron-induced re- 

a c t i o n s  i n  which one neutron i s  captured and two a r e  e j e c t e d .  This i s  an 

extremely important f a c t  s i n c e  i t  demonstrates t h e  p o s s i b i l i t y  t h a t  an 

acce le ra t ed  decay process  may develop under favorable  cond i t ions .  

I t  should be noted t h a t  a s p l i t t i n g  of  t h e  nucleus a l s o  occurs under t h e  

e f f e c t  of photons - -  t h a t  i s ,  gamma-rays emit ted by r a d i o a c t i v e  subs t ances .  

Thus, we know t h a t  ThC" gamma-rays have been used t o  s p l i t  heavy hydrogen; 

these r ays  possess  a k i n e t i c  energy of  2 . 6 2  MeV. The process  i s  cha rac t e r i zed  

by a deutron s p l i t t i n g  i n t o  a neutron and proton according t o  t h e  scheme: 

This f i s s i o n  a l s o  t akes  p l ace  under the a c t i o n  of R a C  y-rays whose k i n e t i c  

energy i s  equal t o  2.198 MeV. 

Of paramount cogn i t ive  importance t o  an understanding of t he  cond i t ions  

and f a c t o r s  which may a f f e c t  the course o f  n a t u r a l  r a d i o a c t i v e  t ransformations 

a r e  t h e  d a t a  on t h e  s tudy of chain r e a c t i o n s .  These d a t a  demonstrate t h a t  t he  

f a c t o r s  which may in f luence  the  behavior of  a n a t u r a l  r a d i o a c t i v e  process  l i e  

i n  the  area of t h e  formation of  m i c r o p a r t i c l e s  and i n  t h e  combination of con- 

d i t i o n s  p r o p i t i o u s  t o  t h e  r e a l i z a t i o n  of nuc lea r  t r ans fo rma t ions .  

We know t h a t  t h e  fol lowing parameters a r e  e s s e n t i a l  t o  t h e  development of 

a chain r e a c t i o n :  t h e  mass o f  t he  r a d i o a c t i v e  substance,  t h e  form of the  mass, 

t h e  p u r i t y  of t he  substance,  t h e  presence of neutrons,  t h e  presence of i n -  

h i b i t o r s  (carbon, heavy water, be ry l l i um,  and o t h e r s ) ,  al though t h e  r e a c t i o n  

may occur a t  a l t o g e t h e r  normal temperatures and p r e s s u r e s .  

/56 

Under t h e  n a t u r a l  condi t ions i n  which r a d i o a c t i v e  decay processes  t ake  

p l a c e ,  t h e  presence of s t r a y  neu t rons ,  formed as a r e s u l t  of  t h e  effect  of 
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cosmic r ays ,  is n o t  cons tan t ;  a l s o  d i f f e r e n t  are t h e  p o s s i b i l i t i e s  t h a t  neut rons  

w i l l  be formed from t h e  decay of r a d i o a c t i v e  elements .  S i m i l a r l y  va r ious  are 

t h e  combinations of favorable  f a c t o r s  f o r  t h e  development of  nuc lea r  r e a c t i o n s .  

Both the  d a t a  c i t e d  above and much o t h e r  known informat ion  on t h e  f i s s i o n  

of atomic n u c l e i  e f f e c t e d  under the  ac t ion  of  nuc lea r  p a r t i c l e s  wi th  n a t u r a l  

ene rg ie s  have opened up a new a r e a  o f  n a t u r a l  nuc lea r  t ransformat ions  -- t h e  

a r e a  of  nuc lea r  geochemistry.  There k s  no doubt bu t  t h a t  as a r e s u l t  of  nu- 

c l e a r  processes  occurr ing  under t h e  e f f e c t  o f  r a d i o - r a d i a t i o n  throughout t h e  

geologica l  h i s t o r y  of  t h e  Ear th  (measured i n  b i l l i o n s  of  y e a r s ) ,  changes have 

taken p l ace  i n  t h e  elementary and i s o t o p i c  composition of  t e r res t r ia l  matter. 

I n  t h i s  way, a long wi th  t h e  a l ready  f a m i l i a r  f a c t o r s  i n  the  evo lu t ion  of t h e  

Ea r th ' s  ma t t e r ,  such as t h e  process  of r ad ioac t ive  decay i t s e l f ,  t h e  s e t t l i n g  

on t h e  Ear th  of  cosmic ma t t e r  (meteoric  remnants and cosmic d u s t ) ,  and space 

r a d i a t i o n ,  t he  i s o t o p i c  composition i s  a l t e r e d  through t h e  agency of n a t u r a l  

r ad ioac t ive  emissions.  

Geologica l  fac tors  affEct jng the  behavior  . - -- of n a t u r a l  r a d i o a c t i v e  . -  __ - pro-  

cesses. On t h e  b a s i s  of  experimental  da t a ,  p a r t i a l l y  c i t e d  above, i t  may be 

considered e s t a b l i s h e d  t h a t  t h e  k i n e t i c  energy of r a d i o  emissions,  as  well as 

of t h e  neutrons and pro tons  generated under  t h e  e f f e c t  of  r a d i o a c t i v e  r a d i -  

a t i o n ,  i s  s u f f i c i e n t  t o  b r i n g  atomic nuc le i  i n t o  a s t a t e  of e x c i t a t i o n  and t o  

cause t h e i r  decay. 

Under n a t u r a l  condi t ions  r ad ioac t ive  elements a r e  found i n  d i f f e r e n t  

a s soc ia t ions  wi th  o t h e r  elements and i n  d i f f e r e n t  q u a n t i t a t i v e  r a t i o s .  Also /57 
d i f f e r e n t  i s  t h e  d i s t r i b u t i o n  of  r a d i o a c t i v e  elements i n  t h e  va r ious  envelopes 

of  t h e  Ea r th .  Consequently, t h e  nuc lea r  process  occasioned by t h e  ac t ion  of  

r ad iozc t ive  emissions with t h e  n a t u r a l  energy proper  t o  them t ake  p l ace  with 

d i f f e r e n t  i n t e n s i t y  and wi th  d i f f e r e n t  decay products  under d i f f e r e n t  

t e r r e s t r i a l  cond i t ions .  

The explana t ion  of  how nuc lea r  processes  occur  i n  a d e f i n i t e  s p e c i f i c  

i n s t ance  of a n a t u r a l  concent ra t ion  of some rad ioac t ive  subs tance ,  what i s  the  

Nuclear t ransformat ions  due t o  t h e  effect  of  r a d i o a c t i v e  r a d i a t i o n  have 
been acknowledged i n  works [54, 221. 
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i n t e n s i t y  o f  t hese  processes ,  what are t h e i r  decay products  -- a l l  these  

ques t ions  pose new and as y e t  unresolved problems. A t  t h e  p re sen t  t i m e ,  

r e sea rch  i n t o  t h e  y i e l d  o f  nuc lea r  r e a c t i o n s ,  p r imar i ly  o f  two-component 

systems, under t h e  effect of acce le ra t ed  p a r t i c l e s  i s  s t i l l  i n  i t s  infancy .  

Such research  provides  some material f o r  an understanding of  n a t u r a l  nuc lear  

processes .  

i n  t h i s  context  a r e  d i r e c t  i n v e s t i g a t i o n s  us ing  n a t u r a l  r ad io - rad ia t ion .  

Under n a t u r a l  condi t ions  the  source  of t h e  emissions i s  p e p  se extremely 

complex s i n c e  t h e r e  always e x i s t  i n  i t  p a r t i c l e s  of d i f f e r e n t  ene rg ie s ,  wi th  

t h e  t a r g e t  f o r  t h e s e  p a r t i c l e s  no t  some homogeneous, i s o l a t e d  subs tance ,  bu t  

t h e  n a t u r a l  multicomponent a s s o c i a t i o n  of elements with d i f f e r e n t  atomic 

weights and charges.  

complex system c o n s t i t u t e s  a new and important  problem. I t  i s  e s s e n t i a l  t o  

no te  t h a t  s i m i l a r  new problems a r i s e  as  soon as we begin t o  pe rce ive  t h e  

cogni t ive  s i g n i f i c a n c e  o f  a l r eady  known experimental  d a t a  i n  phys i c s ,  as they 

apply t o  the  geo log ica l  a r e a  which i s  of  i n t e r e s t  t o  u s .  

However, wi th  a view toward n a t u r a l  cond i t ions ,  what are requi red  

The de termina t ion  of  t h e  y i e l d  of  r e a c t i o n s  i n  t h i s  

On t h e _ p o s s i b i l i t y  of an e f f e c t  by geo log ica l  -~ Conditions on t h e  course of _ _  -~ .~ _ _  . 

K39 nuc lea r  t ransformat ions .  

e f f e c t  of  f a s t  neut rons ,  K39 decays according t o  t h e  fol lowing scheme: 

From experimental  d a t a  w e  know t h a t ,  under t h e  

Two slow neutrons are formed a s  t h e  r e s u l t  of  t h i s  nuc lea r  r e a c t i o n .  Since 

the  f i s s i o n  of  potassium r e q u i r e s  fast  neut rons ,  b u t  i t s  decay r e s u l t s  i n  t h e  

formation of  slow neut rons ,  under t h e  condi t ions  of potassium's  i s o l a t e d  - /58 

occurrence these  slow neutrons w i l l  have no meaningful effect  on t h e  rate o f  

i t s  decay. 

sium, t h e  e f f e c t  of t h e  slow neutrons emi t ted  by the  potassium as  it decays 

w i l l  be d i f f e r e n t .  

undergoes f i s s i o n ,  emi t t i ng  fast  neut rons  which may s p l i t  i n t o  U 2 3 8  and K39. 
With t h e  s p l i t t i n g  of  U238, fast  neutrons w i l l  a l s o  be e j e c t e d  which are 

capable of  s p l i t t i n g  t h e  K39 o r ,  as t h e  r e s u l t  of c o l l i s i o n ,  of becoming slow 

On t h e  o t h e r  hand, if uranium is  p resen t  t oge the r  wi th  t h e  potas -  

We a re  aware t h a t ,  under t h e  effect  of slow neut rons ,  U235 
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neutrons capable of causing t h e  f i s s i o n  of  U235,  b u t  U23* i s  t rans-  

formed, under t h e  e f f e c t  of t h e  slow neu t rons ,  i n t o  U239 and causing i t s  

r a d i o a c t i v e  decay with b e t a - r a d i a t i o n .  

o f  potassium by fas t  neutrons,  i n  each a c t  of  decay, as a l r eady  mentioned, two 

slow neutrons w i l l  be e j e c t e d ,  which a r e  i n  t u r n  t h e  s p l i t t e r s  o f  t h e  uranium. 

I n  the event  of t h e  s p l i t t i n g  

I t  should be ev iden t  from t h i s  d i scuss ion  t h a t ,  whenever potassium and 

uranium a r e  found t o g e t h e r ,  t he  nuc lea r  processes  may t a k e  p l ace  with g r e a t e r  

i n t e n s i t y  than with the  potassium sub jec t ed  t o  t h e  a c t i o n  of fas t  neutrons 

under i s o l a t e d  cond i t ions .  

There are reasons t o  b e l i e v e  t h a t  t h e  behavior of nuc lea r  p rocesses ,  with 

potassium and uranium p r e s e n t  t o g e t h e r ,  may be in f luenced  by t h e  concen t r a t ion  

and r e l a t i v e  arrangement of  t h e  potassium and uranium atoms i n  the mineral ,  

t he  s i z e  and form o f  t h e  mineral  i t s e l f ,  as we l l  as t h e  presence of i m p u r i t i e s  

and t h e i r  elementary composition. Bearing i n  mind t h e  n a t u r a l  condi t ions under 

which t h e s e  elements are found and t h e  du ra t ion  of t h e s e  processes  i n  the  

E a r t h ' s  c r u s t ,  def ined i n  terms of b i l l i o n s  of  y e a r s ,  t he  r e s u l t s  of t hese  

nuc lea r  t ransformations may be of g r e a t  importance i n  t h e  evo lu t ion  of 

t e r r e s t r i a l  ma t t e r .  

toward the  s p e c i f i c  cond i t ions  under which t h e  r a d i o a c t i v e  substances a r e  

encountered and t h e  f a c t o r s  a f f e c t i n g  t h e  course of  t hese  p rocesses ,  poses a 

new and v i t a l  problem i n  the  understanding of  t e r r e s t r i a l  ma t t e r .  

The s tudy o f  n a t u r a l  nuc lea r  p rocesses ,  with an eye 

The e f f e c t  o f  geo log ica l  condi t ions - on -- t h e  f i s s i o n  of nuc le i  of - .  heavy 

r a d i o a c t i v e  elements.  In  1939 i n c o n t e s t a b l e  proof was obtained t h a t  when 

uranium i s  bombarded with neutrons,  decay products  a r e  der ived,  among which 

Ba and La i so topes  are p r e s e n t .  I t  was a lso  determined t h a t  similar decay occurs 

when thorium is  bombarded by neutrons.  

/59 

I t  i s  we l l  recognized t h a t  when bombarded by neutrons,  uranium s p l i t s  

i n t o  two approximately equal  p a r t s .  There are voluminous d a t a  on fragments of 

t h i s  type.  A l l  t he  f i s s i o n  products  a r e  d i s t r i b u t e d  i n t o  two groups: one with 

an atomic number ranging from 35 t o  43 and with atomic weights from 82 t o  100; 

t h e  o t h e r  with atomic numbers 51-57 and weights 127-150. Among the  decay pro- 

duc t s  included i n  t h e  l i g h t e r  group are B r ,  K r ,  Rb, S r ,  Y ,  Z r ,  Nb, Mo, and Te, 
with the  heav ie r  group inc lud ing  Sb , Te , Xe , C s  , Ba, La , and Ce. 
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Based on t h e s e  experimental  d a t a ,  t h e r e  i s  reason t o  assume t h a t  t h e s e  

elements a r e  formed under n a t u r a l  cond i t ions  due t o  t h e  s p l i t t i n g  of uranium 

and thorium. S u b s t a n t i a t i n g  t h i s  view is  t h e  f a c t  t h a t  i n  minerals con ta in ing  

uranium and theorium t h e r e  a r e  f r equen t ly  p re sen t  i n  small amounts rare e a r t h s  

and o t h e r  elements encountered i n  t h e  uranium and t h o r i M  f i s s i o n  product  group. 

Bearing i n  mind t h e  v a r i e t y  of  a s s o c i a t i o n s  of  uranium- and thorium- con- 

t a i n i n g  minerals  with o t h e r  elements under n a t u r a l  cond i t ions ,  it is  no t  hard 

t o  imagine t h e  v a r i e t y  o f  t r ans fo rma t ion  products a r i s i n g  from nuc lea r  decay. 

What a r e  r equ i r ed  a r e  broad-based i n v e s t i g a t i o n s  i n t o  n a t u r a l  nuc lea r  

processes ,  looking toward t h e  discovery of  t h e  general  d i r e c t i v i t y  o f  changes 

i n  t h e  elementary and i s o t o p i c  composition i n  var ious spheres  of  t h e  Earth 

and under d i f f e r e n t  cond i t ions  inhe ren t  i n  the  n a t u r a l  concen t r a t ions  of  

r a d i o a c t i v e  elements.  

The p o s s i b i l i t y  of high p res su res  a f f e c t i n g  t h e  r a d i o a c t i v e  p r o p e r t i e s  o f  

elements.  Experimentation conducted i n  r e c e n t  y e a r s  on t h e  high-pressure 

behavior of ma t t e r  (on t h e  o rde r  of  hundreds of thousands of atmospheres) 

r e v e a l s  t h a t  a t  t h e s e  p re s su res  t h e  e l e c t r o n  s h e l l s  of t h e  atom a r e  def0rmed.l 

Concommitantly with t h i s  deformation, t h e  s h e l l s  draw c l o s e r  t o  t h e  nucleus of /60 

t h e  atom, which i n e v i t a b l y  causes a corresponding p e r t u r b a t i o n  i n  the  atomic 
nucleus a s  an equi l ibr ium system. Under t h e s e  cond i t ions ,  the nucleus may 

capture  t h e  e l e c t r o n s  located i n  t h e  o r b i t s  c l o s e s t  t o  i t ,  and t h e r e  may occur,  

under condi t ions of  an i n c r e a s i n g  h y d r o s t a t i c  compression of  t h e  elements ,  a 

n e u t r a l i z a t i o n  o f  charges - -  t h e  merging of  e l e c t r o n s  and protons with the  
formation of neutrons.  Experimental d a t a  i n d i c a t e s  [ 5 6 ]  t h a t  atoms deformed 

under a p re s su re  of 100-200 thousand atmospheres, when t h e  p r e s s u r e  i s  removed, 

may be r e s t o r e d  and resume t h e i r  normal s t a t e .  I n  the  c a s e  of  ex tens ive  

(deep) deformation, t h i s  r e s t o r a t i o n  does no t  occur ,  p o s s i b l y  because of t h e  

n e u t r a l i z a t i o n  of t h e  atomic charges.  

. . - ~~ I . ~. . . ... . . . . . . .i._i. . . . ... ... .~ . - 

- 

-L  . -  .- - - - 
A t h e o r e t i c a l  v a l i d a t i o n  f o r  t h e  p o s s i b i l i t y  t h a t  any body may e n t e r  t he  

metal s t a t e  a t  high p res su res  may be found i n  works [55, 561. 
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TABLE 3 .  RESULTS OF THE DETERMINATION OF THE POTASSIUM 
RADIOACTIVITY OF A NUMBER OF ROCKS FROM THE NORTHERN CAUCASUS 

Designation o f  Rock and 
L o c a l i t y  

L i p a r i t e s ,  Baksan River 
(Tyrn a- Au z region)  

Leucocrat ic  g r a n i t e s ,  
Tyma-Auz region 

Gran i t e s ,  Angamuga River  
(Urukh River b a s i n )  

Upper Zgid g r a n i t e s  
(Ardon River b a s i n )  

Rose g r a n i t e ,  Eshkakon River 
(Kis lovodsk region)  

Quartz d i o r i t e s ,  Tsea River 
(Ardon River bas in )  

E l ' d z h u r t i n  r e d  g r a n i t e s  
(Baksan River bas in )  

Rose g r a n i t e s  o f  t h e  Dakhov 
Massif (Belaya River) 

Rose g r a n i t e s  o f  t h e  Indysh 
Massif (Kuban River b a s i n )  

Age of  Rock According 
t o  Geological Data 

Varis c i an  

Varis cian 

Middle Paleozoic  - Caledonian 

Middle Paleozoic  (?)  
Lower Paleozoic 

Post-lower J u r a s s i c  (? ) ,  
Vari s c i  an 

Middle Paleozoic  ( ? ) ,  
Caledonian 

Middle Paleozoic (?),  
Caledonian 

~ -~ 

- __ 1- Potassium 

' i n  Pulses  
A c t i v i t y  

p e r  10 min. 

140 

119 

108 

105 

97 

95 

91 

84 
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These experiments p o i n t  t o  t h e  p o s s i b i l i t y  of changes i n  the  s ta te  of - /61 
atoms i n  the  bowels o f  t h e  Ea r th  where t h e  h y d r o s t a t i c  compression 

i n c r e a s e s  as  a func t ion  of  depth,  a t t a i n i n g  va lues  of mi l l i ons  of atmospheres 

and more. The man i fe s t a t ion ,  under these  cond i t ions ,  of  elements with r ad io -  

a c t i v e  elements i s  of an importance t h a t  cannot be o v e r s t a t e d .  

devised experimentation t h e  i n v e s t i g a t i o n  of  t h i s  problem i s  not p o s s i b l e .  
Without s p e c i a l l y  

By way of  s u b s t a n t i a t i n g  t h e  need f o r  such r e sea rch ,  we have c i t e d  below 

the  r e s u l t s  o f  out  experimental  work on the  determinat ion o f  t he  s p e c i f i c  

r a d i o a c t i v i t y  of  potassium taken from magmatic rock complexes of  d i f f e r e n t  

age. This determinat ion was made on small q u a n t i t i t e  o f  potassium s a l t  (KC1) 
chemically der ived from e r u p t i v e  rock o f  var ious age (Northern Caucasus). 
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I t  w i l l  be observed i n  Table 3 t h a t  t h e  g r e a t e s t  s p e c i f i c  r a d i o a c t i v i t y  

(140 impulses i n  10 min) was d e t e c t e d  i n  t h e  potassium taken from l i p a r i t e s  

near  t h e  Baksan River;. which i n  terms of  age are t h e  youngest o f  t hose  

determined. The l e a s t  s p e . c i f i c  r a d i o a c t i v i t y  (58 impulses i n  10 min) was 
shown by t h e  potassium from specimens of  t h e  Indysh Gran i t e  Massif ,  whose 

geological  age has been con t ingen t ly  e s t a b l i s h e d  as anc ien t  Paleozoic -- t h a t  

i s ,  it i s  t h e  o l d e s t  of  t h e  rocks' t e s t e d .  A l l  t h e  remaining samples of 

nonsynchronous Northern Caucasus rocks occupy an in t e rmed ia t e  s p e c i f i c -  

a c t i v i t y  value midway between t h e  l i p a r i t e s  of  t h e  Baksan River and the  

Indysh g r a n i t e s  . 
The s p e c i f i c  r a d i o a c t i v i t y  i n  t h e  potassium of nonsynchronous samples o f  

magmatic rock may d i f f e r ,  as we s e e  i t ,  f o r  two r easons .  

In t h e  f i r s t  p l ace  -- and t h i s  seems the  more l i k e l y  explanat ion - -  t h e  

potassium's s p e c i f i c  r a d i o a c t i v i t y  depends on t h e  time which has  e l apsed  s i n c e  

t h e  formation of t h e  magmatic rock.  I n  l i g h t  of  t h e  experimental  d a t a  c i t e d  

above o n ' t h e  deformation of the  e l e c t r o n  s h e l l s  of  atoms s u b j e c t  t o  high 

p res su re ,  i t  seems p o s s i b l e  t h a t  , with the  magmatic focus developing under 

p l u t o n i c  cond i t ions ,  t h e  atoms of t h e  K 4 0  i so tope  were e x c i t e d ,  with a gradual  

t r a n s i t i o n  of  t h e  potassium atoms from t h e  exc i t ed  t o  t h e  normal s t a t e  t ak ing  

p l ace  af ter  the  magma had hardened and t h e  rock formed. 

cha rac t e r i zed  by a lowering i n  t h e  i n t e n s i t y  o f  decay. Consequently, t h e  

o l d e r  t h e  rock, t h e  lower t h e  s p e c i f i c  r a d i o a c t i v i t y  of t h e  potassium. 

This  process  may be 

The o t h e r  p o s s i b l e  cause i s  a d i f f e r e n c e  i n  t h e  p r e s s u r e  and temperature 

a t  which the magma focus was formed. We know t h a t  magmatic focuses may be 

formed a t  var ious depths  -- t h a t  i s ,  under d i f f e r e n t  p r e s s u r e s  and 

- -. . __ . . - . -  -. . . . -~ - __-_ _. . 

According t o  e x i s t i n g  views of  t h e  r a d i o a c t i v e  process  as one which is  inde-  
pendent of t h e  environment, potassium s a l t s  from rocks of d i f f e r e n t  ages ought 
t o  possess  i d e n t i c a l  r a d i o a c t i v i t y ,  and it should be p o s s i b l e  t o  assume t h a t  
t he  d i sc repanc ie s  i n  t h e  s p e c i f i c  r a d i o a c t i v i t y  of  t h e  potassium a r e  caused by 
some e r r o r  i ncu r red  i n  i t s  determinat ion.  However, t h e  p r a c t i c a l l y  th ree - fo ld  
v a r i a t i o n  i n  t h e  potassium a c t i v i t y  value d i sc losed  by t h i s  experiment can 
s c a r c e l y  be explained away by any such e r r o r ,  and i t  i s  conceivable t h a t  we 
a r e  deal ing h e r e  with t h e  man i fe s t a t ion  of new and extremely important r ad io -  
a c t i v e  p r o p e r t i e s  i n  t h i s  element.  , .  
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temperatures -- and i t  may be t h a t  i n  t h e  case o f  a focus formation a t  g r e a t  

depths and high p r e s s u r e s  and temperatures t h e  atoms o f  t h e  r a d i o a c t i v e  

elements undergo more profound e x c i t a t i o n ,  while a t  lesser p res su res  and 

temperatures t h e i r  e x c i t a t i o n  i s  less i n t e n s e ,  with t h i s  r e f l e c t e d  i n  the  

i n t e n s i t y  of  r a d i o a c t i v e  decay and g iv ing  r i s e  t o  a d i f f e r e n t  s p e c i f i c  

r a d i o a c t i v i t y  i n  t h e  K 4 0 .  

I t  i s  p o s s i b l e ,  however, t h a t  t h e  discrepancy i n  t h e  potassium's  s p e c i f i c  

r a d i o a c t i v i t y  i s  caused by both of t h e s e  f a c t o r s .  

In ou r  view, s p e c i a l l y  t a i l o r e d  r e sea rch  might e s t a b l i s h :  do these  

f a c t o r s  a f f e c t  t he  r a d i o a c t i v e  p r o p e r t i e s  o f  t h e  elements,  and, i f  they do, 

what i s  t h e  r e l a t i o n s h i p  of the r a d i o a c t i v e  decay p rocess  t o  these  f a c t o r s .  

3 .  Radiogenic Heat and I ts  S ign i f i cance  i n  t h e  Formation o f  t he  Geothermal 
F ie lds  o f  ~ ~ t he -L i th0sphe j - e  ~ 

~ -._-_ __ _ _  ... . . . . . -~ _ _  . . . . . . . . . ~~ 

Of g r e a t  importance t o  t h e  development of modern th ink ing  regarding t h e  

E a r t h ' s  thermal regime have been t h e  i n v e s t i g a t i o n s  of  V .  I .  Vernadskiy, V .  

G .  Klopin [57] , A .  N .  Tikhonov [58], Ye. A .  Lyubimova [59] , V .  A .  Magnitskiy 

[60],  and o t h e r s .  I n  r e c e n t  decades, s u b s t a n t i a l  con t r ibu t ions  t o  our under- 

s t and ing  of t he  thermal regime of t h e  t e r r e s t r i a l  c r u s t  and of  t h e  laws /63 
governing t h e  formation of  i t s  geothermal f i e l d  have been made by: F .  A .  

Makarenko, P.  N .  Kroptkin,  N .  I .  Khitarov, P .  F .  Shvetsov, G .  S .  Gorshkov, 

Ye. A .  Lyubimova, S .  A. Kraskovskiy, A .  M .  Ovchinnikov, V .  N .  Dakhnov, D .  I .  

D'yakonov, V .  V .  Ivanov, M .  F .  Belyakov, Sh. F .  Mekhtiyev, G .  M.  Sukharev, 

A. A. Menyaylov, V .  I .  Vlodavets, V .  S .  Zhevago, V .  A .  Pokrovskiy, B .  F .  

Mavri tskiy,  A. M .  Bedcher, V .  P .  Runich, S .  A.  Dzhamalov, N .  M .  Florov, 

V .  M .  Nikolayev A .  I .  Khrebtov, G .  A .  Chereminskiy, and many o t h e r s .  The 

r e s u l t s  of t hese  s t u d i e s  have been publ ished i n  t h e  t r a n s a c t i o n s  of t h e  F i r s t  

[61] and Second [62] Conferences on Geological Research, as well as i n  t h e  

d e f i n i t i v e  compilation on thermal waters [63] and o t h e r  works. These s t u d i e s  

have made a v a i l a b l e  a wealth of m a t e r i a l  on t h e  problem of t h e  d i s t r i b u t i o n  of 

geothermal f i e l d s '  w i th in  t h e  t e r r i t o r y  of  t h e  Sov ie t  Union. 

By "geothermal f i e l d s "  w e  understand segments of t h e  E a r t h ' s  c r u s t  having 
d i f f e r e n t  hea t  f l u x  va lues .  
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The observed d i s t r i b u t i o n  o f  geothermal f i e l d s  i n  Sov ie t  t e r r i t o r y  r evea l s  

ch ar ac  t e ri  s ti c p e cu 1 i ar i ti es bespeaking t h e  i r o ri g i n  a t  i on and form a t  i ve 
circumstances.  We might no te  t h a t  we a r e  deal ing here  with geothermal f i e l d s  

loca t ed  i n  t h e  upper p o r t i o n  o f  t h e  l i t h o s p h e r e ,  p r i n c i p a l l y  i n  t h e  0.5-5 km 

depth zone [64-691. 

One such e s s e n t i a l  p e c u l i a r i t y  c o n s i s t s  i n  the  l o c a l i t y  of f i e l d  d i s t r i -  

b u t i o n ,  with t h e  f i e l d s  encountered at  a l l  l a t i t u d e s ,  from t h e  p o l a r  a r eas  t o  

the  southernmost regions of t h e  country,  with occurrences both i n  geosyncl inal  

regions and f o o t  h i l l  dep res s ions ,  as we l l  as on platforms where they are 

a s soc ia t ed  with geological  s t r u c t u r e s  o f  d i f f e r e n t  o rde r s .  

We note a l s o  t h a t  both t h e  geothermal f i e l d s  encountered i n  regions of 

r e c e n t  vo lcan ic  a c t i v i t y ,  and t h e  magma f o c i  with which they a r e  a s soc ia t ed  

he re ,  a r e  s i m i l a r l y  of  a l o c a l  c h a r a c t e r ,  a f a c t  which p o i n t s  t o  a number o f  

g e n e t i c  causes and condi t ions which they sha re  i n  common with geothermal 

f i e l d s  s i t u a t e d  ou t s ide  t h e s e  a reas  - -  t h a t  i s ,  ou t s ide  t h e  a reas  of recent  

vulcanism. 

The wide d i s t r i b u t i o n  of high-temperature geothermal f i e l d s  ou t s ide  

a reas  of young vulcanism (an example o f  which might be t h e  f i e l d s  of t h e  

Russian Platform,  t h e  West S i b e r i a n  P l a i n ,  and o the r s )  a t t e s t s  t o  t h e  f a c t  t h a t  - /64 

i t  i s  not  p o s s i b l e  t o  reduce t h e  heat  sources  which ensure t h e  formation of  

geothermal f i e l d s  t o  f o c i  of magmatic a c t i v i t y ,  and t h a t ,  appa ren t ly ,  t hese  

involve more general  causes r e spons ib l e  f o r  t h e i r  o r i g i n a t i o n .  

I t  i s  important t o  no te  t h a t  s i z a b l e  geothermal f i e l d s  with high tempera- 

t u r e  values  a r e  unknown i n  a reas  d i s t i n g u i s h e d  by an abundance of  c r y s t a l l i n e  

and anc ien t  metamorphic rock devoid o f  blanket-deposi t  formations,  as w e l l  

as i n  regions where t h e  blanket  depos i t  i s  n e g l i g i b l e  ( B a l t i c  S h i e l d ,  

Ukrainian Crys t a l  Massif ,  and o t h e r s )  . 
Analysis of t h e s e  p a r t i c u l a r i t i e s  i n  t h e  geothermal f i e l d  d i s t r i b u t i o n  

leads t o  a number of  cons ide ra t ions  on t h e  causes,  s i t e ,  and condi t ion of 

f i e l d  formation.  

The d i s t r i b u t i o n  observed i n  t h e  geothermal f i e l d s  cannot be explained by 

exogenic f a c t o r s  t i e d  t o  a s o l a r  h e a t  sou rce ,  although i t  i s  known t h a t  s o l a r  
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energy does p l a y  a d e c i s i v e  r o l e  i n  t h e  thermal regime of  t h e  atmosphere, t h e  

s u r f a c e  hydrosphere, and t h e  uppermost s e c t i o n  of  t h e  E a r t h ' s  s o l i d  s h e l l .  

Nevertheless ,  according t o  a v a i l a b l e  data,  t h e  effect  of  s o l a r  h e a t  i s  f e l t  

at  l imi t ed  depth from t h e  su r face  and - -  a p a r t i c u l a r l y  important p o i n t  -- i t s  

d i s t r i b u t i o n  he re  bea r s  a zonal b e l t - l i k e  c h a r a c t e r .  

Nor can t h i s  d i s t r i b u t i o n  i n  t h e  f i e l d s  b e  explained by t h e  presence of 

p l u t o n i c  (subcrust)  hea t  sou rces ,  s i n c e  such sources ,  were they t o  e x i s t ,  

would be capable of causing a kind of  general  thermal background over v a s t  

segments of t h e  E a r t h ' s  c r u s t ,  o r  a c e r t a i n  o v e r a l l  background f o r  t h e  c r u s t  

as  a whole. One might admit t h a t  such deep-lying hea t  sources  do e x i s t  and 

p l ay  some r o l e  i n  t h e  formation of t h e  E a r t h ' s  gene ra l  hea t  f l u x ;  b u t ,  

ev iden t ly ,  t h e  presence o f  such deep-seated f o c i  o f  hea t  cannot be invoked 

t o  exp la in  t h e  l o c a l  cha rac t e r  observed i n  t h e  d i s t r i b u t i o n ,  w i th in  the  

t e r r e s t r i a l  c r u s t ,  of  geothermal f i e l d s  of  d i f f e r e n t  hea t  f l u x  va lue ,  o r  
t h e i r  o r i g i n a t i o n  wi th in  t h e  l imi t ed  areas  of  one and t h e  same geological  

s t r u c t u r e .  

Therefore ,  t h e  observed hea t  f i e l d  d i s t r i b u t i o n  cannot be  explained e i t h e r  

by t h e  flow of s o l a r  energy t o  t h e  Earth o r  by t h e  p o s t u l a t i o n  of deep-lying 

h e a t  sources  wi th in  the  Earth i t s e l f .  

- /65 

From t h e  l o c a l  d i s t r i b u t i o n a l  cha rac t e r  of  t h e  geothermal f i e l d s  i t  

follows t h a t  t h e  sources  and f a c t o r s  r e spons ib l e  f o r  t h e i r  formation are a l s o  

l o c a l  i n  na tu re  and t h a t  they should be sought i n  t h a t  p o r t i o n  of  t h e  l i t h o -  

sphere with which t h e i r  occurrence i s  a s soc ia t ed .  

Obviously, t h e  causes responsible  f o r  t h e  o r i g i n a t i o n  of high-heat-f lux 

thermal f i e l d s  i n  t h e  upper p o r t i o n  of t h e  c r u s t  a r e  t o  be found i n  the  

compositional p e c u l i a r i t i e s  and occurrence circumstances of  t h e  geo log ica l  

formations of t h a t  same upper segment. 

I t  w i l l  be evident  t h a t  what i s  involved he re  i s  t h a t  po r t ion  of t h e  

E a r t h ' s  c r u s t  which i s  most access ib l e  t o  d i r e c t  i n v e s t i g a t i o n  and f o r  which 

f a c t u a l  d a t a  a r e  a v a i l a b l e  regarding the  m a t e r i a l  composition of rocks ,  t h e i r  

r a d i o a c t i v e  and thermophysical p r o p e r t i e s  , and t h e  circumstances of  t h e i r  

occurrence.  
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I t  must be s t r e s s e d  t h a t  w e  do n o t  exclude t h e  p o s s i b l e  formation of 

p l u t o n i c  hea t  sources  n o r  t h e i r  importance t o  t h e  generat ion of  geothermal 

f i e l d s .  

I t  has been pointed out  above t h a t  rocks of p l u t o n i c  o r i g i n  contain 

r ad ioac t ive  elements,  a t t e s t i n g  t o  t h e  p o s s i b i l i t y  t h a t  magmatic f o c i  [70] may 

have been formed i n  d e f i n i t e  depth zones beneath t h e  c r u s t ,  which could a l s o  

be t h e  source of  t h e  o re  s o l u t i o n s  [71] t h a t ,  under favorable  t e c t o n i c  

condi t ions,  p e n e t r a t e  i n t o  h ighe r  l e v e l s  from t h e  areas below t h e  c r u s t .  

In  the  opinion of  c e r t a i n  i n v e s t i g a t o r s ,  f avorab le  physico-chemical 

condi t ions e x i s t  f o r  t h e  melt ing of  magma a t  depths below t h e  c r u s t ,  below 

t h e  Moho l e v e l ,  w i th in  t h e  zone assigned t o  t h e  Gutenberg l i n e .  A t  

t h e  p re sen t  t i m e  t h e  p r e v a i l i n g  view i s  t h a t  "magma formation occurs a t  great 

depths - -  from 20 t o  80, 90, and even 150 km" [ 7 2 ,  p .  1851. Rising up from 

t h i s  zone through deep f r a c t u r e s ,  t he  magma e n t e r s  t h e  c r u s t  and, a f t e r  

hardening, forms magmatic bod ie s .  According t o  V .  I .  Smirnov, t h e  formation 

of endogenic depos i t s  i s  mainly due t o  i n t e r n a l  f o r c e s  of t h e  Earth and is  

l inked t o  t h e  formation, i n t r o d u c t i o n ,  and hardening of subterranean melts  

o r  magma [73].  

mechanism i n  the  formation o f  magmatic bodies  i s  seen i n  those  in s t ances  i n  

which the  products of  magmatism a r e  coordinate  with deep f r a c t u r s  i n  t h e  

Ea r th ' s  c r u s t ,  

A confirmation of t h e  p o s s i b l e  e x i s t e n c e  of t h i s  kind of 

An e s s e n t i a l  f e a t u r e  of  t h e  thermal anomalies so generated w i l l  be t h e i r  

s p a t i a l  o r i e n t a t i o n  along the  f a u l t  l i n e s .  Without excluding sources  of 

p l u t o n i c  h e a t ,  t h e  formation i n  t h e  s t r a t i s p h e r e  of  high-temperature geothermal 

f i e l d s  can be s a t i s f a c t o r i l y  explained by t h e  accumulation of hea t  i n  the 

lithosphere i t s e l f .  

On t h e  b a s i s  of a v a i l a b l e  d a t a  i t  may be assumed, without f e a r  of major 

e r r o r ,  t h a t  of a l l  known sources  of h e a t  i n  the  c r u s t  t h e  ones with the  

g r e a t e s t  s i g n i f i c a n c e  f o r  i t s  upper p o r t i o n  a r e  r a d i o a c t i v e  processes  and 

chemical r e a c t i o n s :  t h e  f i rs t  because of t h e  high concentrat ions of r ad io -  

a c t i v e  substances i n  c l a s t i c  rocks and e s p e c i a l l y  i n  t h e  c l ays  normally 
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comprising t h e  major p o r t i o n  of  t h e  geo log ica l  s e c t i o n s  of t h e  upper l i t h o -  

sphere;  t h e  second - -  chemical r e a c t i o n s  -- because of  t h e  high content of  

organic  matter i n  t h e  upper p o r t i o n  of t h e  l i t h o s p h e r e  and t h e  chemical 

process  involved i n  t h e  l e v e l  f l u c t u a t i o n s  of  s u r f a c e  and subsurface waters. 

I t  would appear t h a t  a l l  remaining h e a t  sou rces  -- mechanical, g rav i -  

t a t i o n a l ,  and t h e  o t h e r s  - -  have no s i g n i f i c a n t  e f f e c t  on t h e  c r u s t ' s  upper 

p o r t i o n .  A t  t he  p r e s e n t  time, based on t h e  two p r i n c i p a l  hea t  sources  

mentioned, i t  i s  p o s s i b l e  t o  make a q u a n t i t a t i v e  determinat ion o f  t h e  hea t  

r e l eased  i n  connection with r a d i o a c t i v e  decay. 

Relying on a v a i l a b l e  d a t a  on t h e  hea t  r e l e a s e d  i n  t h e  r a d i o a c t i v e  decay 

process  and on t h e  content  of  r a d i o a c t i v e  elements p r e s e n t  i n  rocks ,  as we l l  

as on d a t a  regarding t h e  thermo-physical p r o p e r t i e s  o f  rocks ,  thermal f luxes  

and t h e  geothermal g r a d i e n t s  of  r ad iogen ic  hea t  can be ca l cu la t ed  f o r  each 

l a y e r  of a geo log ica l  record,  with these  d a t a  used t o  e s t a b l i s h  zones and 

regions f avorab le  t o  t h e  formation of geothermal f i e l d s  due t o  r ad iogen ic  h e a t .  

Study of  t h e  p r o p e r t i e s  of r a d i o a c t i v e  emissions and the r a t e  of  decay of 

r a d i o a c t i v e  elements has  l e d  t o  t h e  determinat ion 11241 of  t h e  amount of heat  

r e l e a s e d  as t h e s e  elements decay. This h e a t  has  been computed from measured 

energies  of t h e  alpha- ,  b e t a - ,  and gamma-rays emit ted by the  r a d i o a c t i v e  

elements.  

Also e s t a b l i s h e d ,  and today gene ra l ly  recognized,  i s  t h e  f a c t  t h a t  ac id  

rocks contain h ighe r  concentrat ions of such b a s i c  r a d i o a c t i v e  elements as 

uranium, thorium, and potassium than rocks o f  average a c i d i t y ,  while i n  the  

l a t t e r  t h e i r  content  i s  g r e a t e r  than i n  the  b a s i c  and u l t r a b a s i c  rocks .  

Regarding t h e  sedimentary rocks,  it has s i m i l a r l y  been e s t a b l i s h e d  t h a t  

t h e  content of  t h e  p r i n c i p a l  r a d i o a c t i v e  elements i n  t h e  c l ays  and s h a l e s  i s  

considerably h ighe r  than i n  t h e  sandstones,  bu t  t h a t  i n  t h e  l a t t e r  i t  is  

g r e a t e r  than i n  t h e  l imestones.  

Data on the content  of  r a d i o a c t i v e  elements i n  rocks provides  a b a s i s  f o r  

c a l c u l a t i n g  t h e  amount of r ad iogen ic  hea t  r e l e a s e d .  A t  t he  p r e s e n t  t ime,  t he  

content of r a d i o a c t i v e  elements i n  rocks comprising t h e  upper p o r t i o n  of t h e  
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c r u s t ,  immediately a c c e s s i b l e  t o  d i r e c t  examination, has  been more o r  l e s s  

r e l i a b l y  determined. 

I t  has been demonstrated t h a t  t h e  primary mass of  r a d i o a c t i v e  elements 

a r e  concentrated i n  t h e  upper s h e l l  of t h e  Ea r th .  This provides  a b a s i s  f o r  

t h e  assumption t h a t  t h e  r o l e  o f  r ad iogen ic  h e a t  i n  the  formation and evo lu t ion  

of t h e  c r u s t  must be enormous, p a r t i c u l a r l y  i n  t h e  formation and d i s t r i b u t i o n  

of t h e  thermal f i e l d s  s i t u a t e d  wi th in  i t s  uppermost p o r t i o n .  I t  i s  p r e c i s e l y  

i n  t h i s  r eg ion ,  t h e  r e a d e r  w i l l  r e c a l l ,  t h a t  t h e  h ighes t  concentrat ions of  

r a d i o a c t i v e  substances a r e  concentrated.  

The a v a i l a b l e  d a t a  support  t he  b e l i e f  t h a t  the primary source of the 

thermal f l u x  observed on the  E a r t h ' s  su r f ace  (thought today t o  average 1 . 2 - 6  

cal/cm2-sec) a r e  the r a d i o a c t i v e  substances p re sen t  i n  t h e  t e r r e s t r i a l  c r u s t .  

S i m i l a r  information on t h e  content  of r a d i o a c t i v e  elements i n  rocks 

i n d i c a t e  t h a t  they a r e  d i s t r i b u t e d  i n  a nonuniform b a s i s  i n  geo log ica l  com- 

p l exes .  

types,  as cha rac t e r i zed  by varying r a d i o a c t i v e  con ten t ,  i n  t h e  s t r u c t u r e  of  

geological  r eg ions .  

There a r e  a l s o  d i f f e r e n c e s  i n  the s p e c i f i c  value of  i n d i v i d u a l  rock 

On t h e  b a s i s  of d a t a  regarding t h e  content  of r a d i o a c t i v e  elements i n  

rocks,  we have compared t h e i r  d i s t r i b u t i o n  with t h e  a c t u a l  p a t t e r n  of t h e  

thermal f i e l d  d i s t r i b u t i o n  and geo log ica l  s t r u c t u r e  of a number of regions 

[ 7 4 ] .  The f i g u r e s  show t h a t  t hose  concen t r a t ions  of  r a d i o a c t i v e  elements 

(uranium, thorium, t h e i r  f a m i l i e s ,  and potassium) which a r e  normally encounter- 

ed i n  rocks ,  r e l e a s e  i n  decay a q u a n t i t y  of  h e a t  of  such magnitude as t o  be 

ab le ,  i n  a r e l a t i v e l y  s h o r t  pe r iod  (geo log ica l ly  speaking) ,  t o  h e a t  t he  rock 

con ta in ing  them t o  hundreds of  degrees o r  even t o  m e l t  i t  (Table 4 ) .  

The t a b u l a r i z e d  d a t a  show t h a t  t he  t i m e  required t o  h e a t  g r a n i t e  t o  

2 O O 0 C ,  given those q u a n t i t i e s  of r a d i o a c t i v e  elements which are normally 

contained i n  i t ,  i s  s e t  a t  approximately 5 m i l l i o n  y e a r s ,  while  f o r  t h e  c l ays  

a f i g u r e  of some 6 m i l l i o n  yea r s  i s  c i t e d .  

Under f avorab le  condi t ions o f  occurrence,  h e a t  i n  rocks is generated 

r a t h e r  quickly because o f  t h e  decay i n  r a d i o a c t i v e  elements ,  and thermal 

f i e l d s  toge the r  with i n d i v i d u a l  thermal anomalies may be c rea t ed  i n  a l l  
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geo log ica l  complexes (magmatic and sedimentary) ,  i nc lud ing  Upper T e r t i a r y  

formations whose age i s  no less than 3-5 m i l l i o n  yea r s .  However, it is  
e s s e n t i a l  t o  no te  t h a t  our  c a l c u l a t i o n s  were made on t h e  assumption 

t h a t  t h e  t o t a l  h e a t  r e l e a s e d  i n  r a d i o a c t i v e  decay goes t o  t h e  hea t ing  o f  t h e  

rock.  

In  a c t u a l i t y ,  because of t h e  rocks '  h e a t  conduc t iv i ty ,  a considerable  

p o r t i o n  o f  t h e  h e a t  leaves t h e  s i t e  of  i t s  gene ra t ion  and is  u l t i m a t e l y  re- 

leased i n t o  t h e  surrounding a i r .  P a r t i c u l a r l y  f avorab le  condi t ions f o r  a 

major e f f luence  of hea t  from t h e  s i t e  of  i t s  gene ra t ion  a r i s e  whenever t h e  

s u r f a c e  complex o f  formations i n  a geo log ica l  s t r u c t u r e  i s  r ep resen ted  by 

rocks having high hea t  conductance, as i n  t h e  case of  t h e  exposure of  g r a n i t e s ,  

which release i n t o  t h e  a i r  a s i z a b l e  p o r t i o n  o f  t h e  hea t  generated wi th in  them. 

Analysis of a v a i l a b l e  d a t a  on t h e  determinat ion of  t h e  E a r t h ' s  thermal 

f l u x  leads t o  t h e  conclusion t h a t  a methodology can be formulated f o r  - /70 

e s t a b l i s h i n g  t h i s  f l u x  on a layer-by-layer  b a s i s  according t o  t h e  types of i t s  

sources .  Central  t o  t h i s  method is  the  t h i n k i n g  which r ega rds  geo log ica l  

formations as systems o r  unique thermodynamic complexes inves t ed  with d e f i n i t e  

thermal p o t e n t i a l i t i e s .  

These systems o r  complexes may be i n d i v i d u a l  beds o r  massifs of rocks,  

t h e i r  f a c i e s  and formations,  p re sen t  i n  t h e  s t r u c t u r e  of t h e  c r u s t  and de- 

f i n e d  by s p e c i f i c  thermophysical p r o p e r t i e s .  

In q u a l i t a t i v e  terms > t h e  hea t  i s s u i n g  from va r ious  sources  i s  i d e n t i c a l  

and t h e r e f o r e  i t  does n o t ,  p e r  s e ,  contain any a t t r i b u t e s  a t t e s t i n g  t o  i t s  

o r i g i n .  

hea t  sources  possessing q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e r e n c e s ,  t o  determine 

t h e  s p e c i f i c  s i g n i f i c a n c e  of t h e  hea t  which they  r e l e a s e .  

However, i n  t h e  o v e r a l l  thermal f l u x  i t  i s  q u i t e  p o s s i b l e ,  based on 

O f  t he  numerous sources  of subterranean hea t  commonly i n d i c a t e d  f o r  t h e  

Earth as a whole, r a d i o a c t i v e  decay and chemical r e a c t i o n s  may be taken as 

t h e  most important f o r  t h e  c r u s t .  

e f f o r t  a t  a layer-by-layer  computation of t h e  s p e c i f i c  value o f  t h e  r ad io -  

genic  hea t  alone i n  t h e  general  thermal f l u x .  

The s t a t e  of  our  knowledge permits  an 
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TABLE 4. AVERAGE CLARK CONTENTS OF RADIOACTIVE ELEMENTS, THE HEAT THEY RELEASE, AND 
THE TIME REQUIRED TO HEAT THE ROCKS CONTAINING THEM TO 2OO0C 

U Th K 
Content, Heat Content, Heat Content, Heat 

Rock types released,  n o l o m 6  re leased ,  re leased ,  
g/g n *  10-6  g/g !n*10-6 

cal /year  , ca l /yea r  
I g/g 

I 

Tota l  
quant i ty  
of heat  
per 1 g 
o f  rock, 
n-10-6 
ca l /v r  

Acid 4 .s 3.33 16 , 3.2 0.028 0.76 

I 

Limes tones 1 .4  

Sands tones 1 3.0 

Shales and 
C 1  ays 4.0 

1.04 1 .8  

2.22 i 10 

2.96 11 2 . 2  

7.30 

3.28 

1.99 

0.78 

1.48 

4.54 

6.02 0.032 I 0.86 

Requi red 
time f o r  
heat ing t o  

n i  1 l ions  
3 f  years .  

20O0C, 

4.7 

10.5 

17.2 

44.1 

27.0 

8 .'8 

6.1 



Such a layerwise computation of r ad iogen ic  h e a t  can be performed us ing  

t h e  formula 

Q1 = Qo - Qh, 

where Q 

s u r f a c e  of  t h e  l a y e r ;  Q i s  t h e  e n t i r e  q u a n t i t y  of  h e a t  r e l eased  by t h e  l a y e r .  

The r a t i o  between t h e  f l u x  Q ,  t h e  geothermic g r a d i e n t  g ,  and t h e  h e a t  con- 

duct ion f a c t o r  X is  determined by t h e  formula Q = Xg. 

i s  t h e  f l u x  a t  t h e  f o o t  of t h e  l a y e r ;  Qo i s  t h e  thermal f l u x  a t  t h e  1 

h 

Using s p e c i f i c  d a t a  on t h e  content  of r a d i o a c t i v e  elements i n  rocks and 

employing t h e s e  formulae,  w e  have computed t h e  thermal f l u x  of radiogenic  

hea t  f o r  t h e  g r a n i t e  massifs of t h e  Bal t ic  and Ukrainian s h i e l d s ,  and a l s o  f o r  

t h e  sedimentary complexes of t h e  near-Caucasus and t h e  West S ibe r i an  a r t e s i a n  

bas in  (Figures 1 -4 ) .  

On the b a s i s  of t h e  r e s u l t a n t  numerical values  f o r  t he  radiogenic  h e a t  

f lows, geothermic g r a d i e n t s  and geothermic s t e p s  were p l o t t e d  f o r  t he  r eco rds .  

The radiogenic  thermal f l u x  c a l c u l a t i o n s  f o r  t h e  Ukrainian S h i e l d ,  performed 

f o r  depths of  one, two, and t h r e e  k i lome te r s ,  show t h a t  t h e  geothermic s t e p  a t  

t h e  f irst  ki lometer  depth i s  85.5,  f o r  t h e  second -- 102.0 ,  and f o r  t h e  

t h i r d  - -  125 m/degree. 

l i s h e d  information,  based on a c t u a l  temperature readings i n  s h a f t s .  

~ / 7 1  

These d a t a  show good agreement with previously pub- 

For the  B a l t i c  S h i e l d  t h e  geothermic s t e p  f o r  r ad iogen ic  hea t  f o r  t h e  

f irst  ki lometer  equals  100, f o r  t h e  second - -  109.8,  and f o r  t h e  t h i r d  -- 
120.5 m/degree. 

c l o s e  t o  temperature va lues  obtained by a c t u a l  s h a f t  readings.  

This f i g u r e  f o r  t he  geothermic s t e p  on t h e  B a l t i c  Sh ie ld  i s  

S t r a t i f i e d  computations f o r  t h e  r ad iogen ic  thermal f l u x  c a r r i e d  out f o r  

t h e  sedimentary complexes of t h e  Northern near-Caucasus and t h e  West S i b e r i a n  

P l a i n  (Khanta-Mansiysk region) show good concordance with t h e  f ind ings  of 

ge o t he r m i  c depth de t ermi n a t  i ons der ived from a c t u a l  temperature measurements 

i n  s h a f t s .  

The d a t a  on t h e  q u a n t i t a t i v e  values  of r ad iogen ic  hea t  and i t s  d i s t r i -  

bu t ion  i n  t h e  geo log ica l  records of  such b a s i c  s t r u c t u r e s  of  t h e  E a r t h ' s  crust 

as t h e  Ukrainian and Baltic c r y s t a l  s h i e l d s ,  t h e  near-Caucasus f o o t h i l l s  
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depression,  and t h e  West S ibe r i an  

Platform d i s c l o s e  c e r t a i n  very 

e s s e n t i a l  p e c u l i a r i t i e s  i n  t h e s e  

s t r u c t u r e s  which a r e  of importance 

t o  t h e  formation of  geothermal 

f i e l d s .  

These d a t a  show t h a t  "open" 

s t r u c t u r e s ,  of  t h e  platform s h i e l d  

type,  are unfavorable t o  t h e  form- 
a 

a t i o n  of high-temperature geothermal 

f i e l d s .  The reason f o r  t h i s  l i e s  

p r i n c i p a l l y  i n  t h e  f a c t  t h a t  t h e s e  

s t r u c t u r e s  lack t h e  b l anke t  of 

b 

Figure 1. Graph I l l u s t r a t i n g  t h e  
D i s t r i b u t i o n  o f  Radiogenic Heat i n  
Grani tes  o f  t h e  Ukrainian Massif (a) 
and t h e  B a l t i c  Sh ie ld  (b ) .  

H ,  depth; Q ,  thermal f l u x ;  T ,  tem- 
p e r a t u r e .  The numbers along t h e  a r g i l l a c e o u s  depos i t s  which have a 

curve i n d i c a t e  geothermic s t e p s  i n  low hea t  conductance f a c t o r  and func- 
m/degrees t i o n  as  a h e a t  s c r e e n .  Such s t r u c t -  

u r e s  a r e  exemplif ied by t h e  Ukrainian 

and B a l t i c  s h i e l d s ,  i n  which, d e s p i t e  r e l a t i v e l y  high contents  of  r a d i o a c t i v e  

elements ( i n  comparison with t h e  average C l a r k  con ten t s  f o r  t h e  c r u s t  as a 

whole), heat  i s  not  accumulated and the  predominant f e a t u r e  i s  low geothermic 

g rad ien t s  t o  g r e a t  depths .  

Altogether d i f f e r e n t  cond i t ions  a r e  obtained i n  regions e x h i b i t i n g  a well  

developed blanket  of  sedimentary formations i n  t h e  composition of  which clays 

a r e  p re sen t  i n  the  upper p o r t i o n s  of  t h e  r eco rds .  

I n  sedimentary complexes t h e  lowest s t e p ,  as i s  evident  from t h e  example /75 
of  t h e  West S i b e r i a n  a r tes ian  b a s i n ,  occurs f o r  an ex tens ive  a rg i l l aceous  

s e r i e s  (depth 350-1,050 m), which p l ays  an enormous pa r t  i n  t h e  formation of 

t h i s  b a s i n ,  serving as an e x c e l l e n t  i n s u l a t i n g  l a y e r  and powerful source of 

radiogenic  h e a t .  I n  t h e  sedimentary complex t h e  c l ays  are cha rac t e r i zed  by 

t h e  h ighes t  concentrat ions of  r a d i o a c t i v e  elements.  
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Figure 2 .  Co l l a t ed  Geothermogram of T e r t i a r y  
Deposits i n  t h e  Western near-Caucasus 

1, c l ays ;  2 ,  sands and sandstones;  3 ,  c lays  
with i n t e r l a y e r s  o f  sands and sandstones;  
4 ,  c l ays  with i n t e r l a y e r s  o f  marl; 5 ,  c lays  
with i n t e r l a y e r s  of sandstone and marl; 6 ,  
a l t e r n a t i o n  o f  sands , sandstones , conglomer- 
a t e s  , and c l ays ;  7 ,  h e a t  d i s t r i b u t i o n  accord- 
i ng  t o  A .  Z .  Bedcher [75] ; 8, r ad iogen ic  
h e a t  d i s t r i b u t i o n  according t o  d a t a  computed 
by N .  S .  Boganik. The numbers along t h e  curves 
i n d i c a t e  geothermic s t e p s  i n  m/degrees. 
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Figure 3 .  Graph I l l u s t r a t i n g  t h e  D i s t r i b u t i o n  o f  
Radiogenic Heat f o r  Sha f t  1-P  i n  t h e  C i t y  of  Nal 'chik.  

1, g r a v e l ;  2 ,  a r g i l l a c e o u s  s o i l ;  3 ,  conglomerates; 
4 ,  sandstones;  5 ,  c l ays ;  6 ,  f ine-grained sands;  
7, sandy c l a y s ;  8, marl; 9 ,  l imestones;  10,  r ad io -  
genic  h e a t  d i s t r i b u t i o n  according t o  d a t a  computed 
by N .  S .  Boganik; 11, t o t a l  hea t  d i s t r i b u t i o n  
according t o  V .  P .  Runich [76 ] .  The numbers along 
t h e  curves i n d i c a t e  geothermic s t e p s  i n  m/degrees. 
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' 4  Thus, as a r e s u l t  of high 

con cen t ra  t i ons of  r a d i o a c t i v e  

elements and with p r o p i t i o u s  

geo log ica l  condi t ions i n  t h e  

c o n s t i t u t i o n  of t h e  r eg ion ,  thermal 

R 76 f i e l d s  of  increased and high 

temperatures may be formed both 

o u t s i d e  young rock formations and 

o u t s i d e  areas of  r ecen t  vulcanism. 
Figure 4.  Graph I l l u s t r a t i n g  t h e  
Radiogenic Heat D i s t r i b u t i o n  i n  t h e  The r e s u l t s  of  t h e  i n v e s t i -  
Sedimentary Complex of  t h e  West 
S ibe r i an  P 1  a t f  orm . ga t ions  conducted p o i n t  t o  t h e  

p r a c t i c a l  p o s s i b i l i t y  of t h e  

1 ayer -by- 1 ayer  determinat ion of t h e  

r ad iogen ic  thermal f l u x  f o r  any 

The numbers along t h e  curve i n d i c a t e  
geothermic s t e p s  i n  m/degrees. 

segment o f  t h e  c r u s t .  Moreover, as t h i s  r e sea rch  shows, r ad iogen ic  hea t  p l ays  

an important r o l e  i n  the  formation o f  thermal f i e l d s  and i n  t h e i r  d i s t r i b u t i o n  

i n  t h e  c r u s t .  According t o  approximate e s t i m a t e s ,  t h i s  h e a t  accounts f o r  

80% of  t h e  t o t a l  thermal f l u x .  

The establ ishment  of t h e  p o s s i b i l i t y  of  computing t h e  value of t h e  thermal 

f l u x  of r ad iogen ic  hea t  f o r  any segment o f  t h e  l i t h o s p h e r e  on t h e  b a s i s  o f  

r a d i o a c t i v e  and thermophysical p r o p e r t i e s  opens up promising oppor tun i t i e s  f o r  

r evea l ing  t h e  condi t ions and time o f  formation of  geothermal f i e l d s ,  t h e  

o r i g i n a t i o n  of magmatic f o c i ,  and f o r  an understanding of  t h e  laws governing 

many geochemical p rocesses ,  as wel l  as t h e  r e c o n s t r u c t i o n  of  t h e  thermal 

regimes f o r  s p e c i f i c  s t a g e s  i n  t h e  evo lu t iona ry  h i s t o r y  of  t h e  E a r t h ' s  c r u s t .  

There i s  every reason t o  be l i eve  t h a t  s t u d i e s  i n t o  t h e  r o l e  of  radiogenic  

hea t  i n  the  evo lu t ion  of t h e  c r u s t  and t h e  formation of  i t s  s t r u c t u r e  w i l l  

promote a more thorough comprehension of many of t h e  processes  and phenomena 

which t a k e  p l a c e  i n  t h e  l i t h o s p h e r e ,  and w i l l  provide a new and a d d i t i o n a l  

s c i e n t i f i c  b a s i s  toward an understanding of  t h e  laws underlying t h e  processes  

of o re  formation and the  d i s t r i b u t i o n  of  t h e  mineral  depos i t s  t o  which thFy 

give r i s e .  
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The p o i n t  of  depar ture  f o r  such i n v e s t i g a t i o n s  w i l l  be t h e  f a c t u a l  

material which has a l ready  been c o l l e c t e d  regard ing  t h e  r a d i o a c t i v e  and 

thermophysical p r o p e r t i e s  of  r o c k s ,  t h e  d i s t r i b u t i o n  of  geophysical  and 

geochemical f i e l d s ,  along wi th  d a t a  on t h e  d i s t r i b u t i o n  of  magmatic and 

sedimentary rock complexes and on t h e  t e c t o n i c  s t r u c t u r e  of i n d i v i d u a l  seg- 

ments of t h e  E a r t h ’ s  c r u s t .  

P a r t i c u l a r  importance a t t a c h e s  t o  t h e  p o s s i b i l i t i e s  now coming t o  l i g h t ,  

f o r  t h e  determinat ion o f  t h e  h e a t  balances which e x i s t e d  i n  previous epochs, 

i n  any segment of t h e  l i t h o s p h e r e  - -  balances which were caused by radio-  

genic  h e a t .  

By recons t ruc t ing  geologica l  records according t o  t h e  formative s t a t e ,  

f o r  a given moment i n  h i s t o r y ,  of a given segment of  t h e  l i t h o s p h e r e ,  and by 

bear ing  i n  mind t h e  content  of r a d i o a c t i v e  elements i n  t h e  rocks ,  w e  a r e  a b l e  

t o  c a l c u l a t e  a layer-by-layer  b a s i s  t h e  geothermic g r a d i e n t  f o r  t h a t  segment 

of  t h e  c r u s t  and t o  d e r i v e  adequately s u b s t a n t i a t e d  d a t a  on t h e  evolu t ion  of  

i t s  thermal regime. 

Such c a l c u l a t i o n s  may be of  g r e a t  importance i n  t h e  p r e d i c t i o n  of  

concealed, hydrothermal-type d e p o s i t s  of nonferrous and r a r e  metals formed i n  

previous epochs under t h e  appropr ia te  thermodynamic condi t ions  f o r  t h e  given 

c r u s t  segment. 
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CONCLUSIONS - /77 

On t h e  b a s i s  o f  t h i s  work t h e  fol lowing conclusions and hypotheses may 

be drawn. 

1. The "theory" o f  c y c l i c  evo lu t ion ,  based on a constancy i n  t h e  

ope ra t ion ,  on E a r t h ,  of  t h e  same f o r c e s  and laws, i s  no t  i n  accord with 

a v a i l a b l e  f a c t s  on t h e  s t r u c t u r e  and evo lu t ion  of t h e  E a r t h ' s  c r u s t .  I n  

e f f e c t ,  t h e  concept o f  c y c l i c i t y  negates  any evo lu t ion  by reducing it t o  

closed-cycle  development, and thereby excludes t h e  p o s s i b i l i t y  of  t h e  emer- 

gence of new laws dur ing  t h e  course of such evo lu t ion .  

2 .  The man i fe s t a t ion  and ope ra t ion  of  t h e  f o r c e s  of  g r a v i t y ,  magnetism, 

and of t h e  nuc lea r  f o r c e s  vary i n  c h a r a c t e r  on d i f f e r e n t  c e l e s t i a l  bodies ,  

t h i s  being caused by t h e  magnitude of  t h e  mass of  t h e  body i n  ques t ion  and 

t h e  combined manner i n  which t h e s e  forces  a r e  d i sp l ayed  and operate  i n  the  

s p e c i f i c  cond i t ions  under which each such body e x i s t s .  

during t h e  evo lu t ion  of c e l e s t i a l  bodies  - -  and, i n  p a r t i c u l a r ,  t h e  Earth -- 
new laws emerge which determine t h e  p rogres s ive  movement i n  t h e  evo lu t ion  of 

t h e  processes  occur r ing  on the  p l a n e t s  and t h e  h i s t o r i c o - g e o l o g i c a l  process  

on the  Ea r th .  

As a consequence, 

3 .  Progressivism i n  t h e  evo lu t ion  of geo log ica l  processes  i s  caused both 

by changes i n  t h e  c h a r a c t e r  with which fundamental f o r c e s  and n a t u r a l  laws 

func t ion ,  and by t h e  fac t  t h a t  t h e r e  takes p l a c e  an un in te r rup ted  evo lu t ion  

of  t e r res t r ia l  matter and development of  t h e  organic  world,  which world has  had 

a s u b s t a n t i a l  e f f e c t  on the  development o f  i no rgan ic  processes  and has  i n -  

f luenced i n  a v a r i e t y  of manners and su r face  of  t h e  E a r t h ,  the composition of  

rocks,  and t h e  geochemical processes  t r a n s p i r i n g  i n  t h e  c r u s t ,  t h e  hydrosphere, 

and atmosphere. 

4 .  Geotectonic movements i n  t h e  evo lu t ion  of t h e  c r u s t  have not shown a 

simultaneous o r  uniformly d i r e c t i o n a l  g loba l  c h a r a c t e r ,  bu t  have occurred 

l o c a l l y  and i n  d i f f e r e n t  manners. A t  each given n a t u r a l - h i s t o r i c  moment of /78 
time upheavals and subsidences have taken p l a c e  i n  the  E a r t h ' s  c r u s t  as t h e  

consequence of  s p e c i f i c  f a c t o r s  i n  t h e  geo log ica l  development of  t h e  c r u s t  

segment i n  ques t ion .  

74 



5 .  Magmatic rocks and t h e i r  a s s o c i a t i o n s ,  as a l s o  t h e  sedimentary and 

metamorphic rocks,  a r e  products o f  t h e  E a r t h ' s  n a t u r a l - h i s t o r i c  evo lu t ion  

which have undergone changes i n  composition and s t r u c t u r e  i n  l i n e  with the  

gene ra l  development of t h e  . c rus t  and t h e  evo lu t ion  o f  i t s  material composition. 

6 .  The view of t h e  r a d i o a c t i v e  decay process  as a p rocess  which is  con- 

s t a n t  and independent of e x t e r n a l  f a c t o r s  -- a concept which w a s  formulated 

during the  f irst  s t a g e s  i n  t h e  s tudy of r a d i o a c t i v i t y  when t h e  atomic nucleus 

had not  y e t  been discovered - -  i s  no t  i n  accordance with t o d a y ' s  knowledge, 

which has e s t a b l i s h e d  no t  only t h e  f a c t  i t s e l f  of t h e  atomic nucleus '  e x i s t -  

ence,  but a l s o  i t s  s t r u c t u r e  and t h e  f a c t o r s  which in f luence  i t s  s t a t e .  

7 .  As t h e  r e s u l t  o f  t h e  ana lys i s  of experimental  d a t a  on nuc lea r  f i s s i o n ,  

conducted during t h e  i n i t i a l  s t a g e s  of nuc lea r  research us ing  a lpha - rad ia t ion  

from n a t u r a l  r a d i o a c t i v e  elements,  a new type of  n u c l e a r  t ransformation,  p ro -  

ceeding under n a t u r a l  condi t ions under the  e f f e c t  of r a d i o a c t i v e  emissions,  

has been discovered.  Fundamental r e sea rch  i s  required t o  determine t h e  s i g -  

n i f i c a n c e  .of t h e s e  emissions i n  t h e  evo lu t ion  of t h e  elementary chemical and 

i s o t o p i c  compositions of t e r r e s t r i a l  matter. 

8 .  S t u d i e s  of t h e  r a d i o a c t i v i t y  of K40 provide a b a s i s  f o r  t he  assumption 

t h a t  t he  potassium s a l t s  der ived from nonsynchronous magmatic rocks possess  

d i f f e r e n t  s p e c i f i c  r a d i o a c t i v i t y .  

a c t i v i t y  and r e q u i r e s  c a r e f u l  v e r i f i c a t i o n .  

This p o i n t s  t o  new p r o p e r t i e s  of K 4 0  r a d i o -  

9 .  The a v a i l a b l e  d a t a  on the  deformation of t h e  e l e c t r o n  s h e l l s  of t h e  

atom under high p res su re  support  t he  suppos i t i on  t h a t  i n  t h e  p l u t o n i c  regions 

of t h e  Ea r th ,  where the  p r e s s u r e  a t t a i n s  hundreds of thousands o f  atmospheres, 

t he  r a d i o a c t i v e  p r o p e r t i e s  of  elements a r e  not manifested.  A study of r ad io -  

a c t i v e  p r o p e r t i e s  under high a l l - a round  compression may provide inva luab le  

experimental  material f o r  an understanding of t h e  E a r t h ' s  h e a t  regime and an /79 
answer t o  whether r a d i o a c t i v e  elements might be found i n  i t s  depths .  

10. The l o c a l  c h a r a c t e r  i n  the  d i s t r i b u t i o n  of thermal f i e l d s  with 

h ighe r  temperatures  is  caused by f a c t o r s  which are a l s o  l o c a l l y  d i s t r i b u t e d  

and which appear c o l l o c a t i o n a l l y  with t h e  f i e l d s  themselves,  t h a t  i s ,  

i n  t h e  l i m i t s  o f  t h e  lithosphere. 
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11. A comparison of computed d a t a  on t h e  d i s t r i b u t i o n  o f  r ad iogen ic  hea t  

i n  geo log ica l  s t r u c t u r e s  with thermograms compiled on t h e  b a s i s  of  tempera- 

t u r e  readings i n  s h a f t s  i n d i c a t e s  t h a t  t h e  radiogenic  h e a t  formed i n  t h e  

upper p o r t i o n  of  t h e  l i t h o s p h e r e  accounts f o r  a considerable  percentage of 

t h e  t o t a l  thermal flux. 

1 2 .  I t  has been e s t a b l i s h e d  t h a t ,  under s p e c i f i c  geo log ica l  cond i t ions ,  

as t h e  r e s u l t  o f  t h e  gene ra t ion  of radiogenic  hea t  i n  t h e  l i t h o s p h e r e  , 
thermal f i e l d s  with h ighe r  and high temperatures may be formed. 

13. The method of determining r ad iogen ic  hea t  on a layer-by-layer  b a s i s  

holds g r e a t  promise f o r  e l u c i d a t i n k  the cond i t ions  inhe ren t  i n  t h e  formation 

of geothermal f i e l d s  and t h e  o r i g i n a t i o n  of magmatic f o c i ,  f o r  understanding 

t h e  laws governing t h e  development of  geochemical and ore-forming p rocesses ,  

and f o r  r e c o n s t r u c t i n g  t h e  thermal regimes of  p a s t  epochs i n  the  evo lu t ion  of 

t he  E a r t h ' s  c r u s t .  
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